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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently branch and couple a 
light signal and make the intensity of the light signal uniform by 
providing a mixing part consisting of a waveguide which is wide 
enough to cover the core parts of at least plural optical fibers, a 
light diffusing and reflecting means which is arranged on the 
other end surface of the mixing part, etc. 

SOLUTION: This optical star coupler is equipped with a bundle 
part 2 formed by bundling and fixing one-end sides of plural 
optical fibers 1 1 — 1 E and forming the end surfaces 21 into a 
plane, the mixing part 3 composed of the waveguide 31 which is 
wide enough to cover the core parts of at least the optical 
fibers 1 1 —1 E, and the light diffusing and reflecting means 4 
which is arranged on the other end surface 33 of the mixing 
part 3. In this constitution, light signals 6a and 6b which are 
made incident on the mixing part 3 from an optical fiber 12 
reach the said light diffusing and reflecting means 4 and is 
diffused and reflected. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical star coupler characterized by what one end of two or more optical fibers is bundled, 
and it fixes, and the bundle section in which this end face was formed at the flat surface, and one end face 
contact the end face formed in the flat surface of the bundle section, and it has for the optical diffuse 
reflection means arranged in the core section of two or more optical fibers in the other-end side of the 
mixing section which consists of waveguide equipped with a wrap size, and the mixing section at least. 
[Claim 2] The bundle section which formed [ bundled one end of two or more optical fibers, and fixed ] this 
end face in the flat surface, The mixing section which one end face contacts the end face formed in the flat 
surface of the bundle section, and consists the core section of two or more optical fibers of waveguide 
equipped with a wrap size at least, The waveguide of the mixing section is an optical star coupler 
characterized by what it has the optical diffuse reflection means arranged in the other-end side of the mixing 
section, and a part refractive index nearly for a core constitutes high refractive-index distribution pattern 
waveguide for. 

[Claim 3] Spacing of two end faces of the waveguide of the mixing section is an optical star coupler 
characterized by what is considered as the dimension in which the outgoing radiation location of the 
outgoing radiation light from an other-end side becomes settled in an optical star coupler according to claim 
2 according to the direction of incidence of the incident light to one end face. 

[Claim 4] The bundle section which arranges and fixed piece one end of two or more optical fibers in the 
shape of a cylinder, and formed this end face in the flat surface, The mixing section which one end face 
contacts the end face formed in the flat surface of the bundle section, is equipped with a wrap size for the 
core section of two or more optical fibers arranged in the shape of [ said ] a cylinder at least, and a cross 
section becomes from the waveguide of a cylindrical shape which makes concentric circular, The optical 
star coupler characterized by what it has for the light reflex means arranged in the other-end side of the 
mixing section. 

[Claim 5] The bundle section which arranges and fixed one end of two or more optical fibers in the shape of 
a polygon, and formed this end face in the flat surface, The mixing section which one end face contacts the 
end face formed in the flat surface of the bundle section, is equipped with a wrap size for the core section of 
two or more optical fibers arranged in the shape of [ said ] a polygon at least, and a cross section becomes 
from the waveguide of a multiple column which makes the shape of a polygon, The optical star coupler 
characterized by what it has for the light reflex means arranged in the other-end side of the mixing section. 
[Claim 6] The light reflex means arranged in an optical star coupler according to claim 4 or 5 in the other- 
end side of the mixing section is an optical star coupler characterized by what it has an optical diffuse 
reflection means for. 

[Claim 7] The end face formed in the flat surface of the bundle section in an optical star coupler given in the 
term of either claim 1 thru/or claim 6 is an optical star coupler characterized by what it has a light reflex 
means for. 

[Claim 8] The light reflex means formed in the flat surface of a bundle section end face in an optical star 
coupler according to claim 7 is an optical star coupler characterized by what a light reflex side is formed in 
the whole surface where the mixing section contacts for at least except for the core section of two or more 
optical fibers. 

[Claim 9] An optical diffuse reflection means is an optical star coupler characterized by what a transparent 
optical diffusion layer is established between the reflectors where the other-end side of the mixing section 
and a termination side mirror are flat in an optical star coupler given in one term of claims 1, 2, 3, 6, 7, and 
8, and is formed. 
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[Claim 10] It is the optical star coupler characterized by what an optical diffuse reflection means establishes 
the optical diffusion layer which consists of a volume hologram in an optical star coupler given in one term 
of claims 1, 2, 3, 6, 7, and 8 between the other-end side of the mixing section, and the reflector where a 
termination side mirror is flat, and is formed. 

[Claim 1 1 ] An optical diffuse reflection means is an optical star coupler characterized by what it has for the 
reflector which has a minute concavo-convex side in the field side where a termination side mirror contacts 
the mixing section in an optical star coupler given in one term of claims 1, 2, 3, 6, 7, and 8. 
[Claim 12] Instead of forming an optical diffuse reflection means in a termination side mirror in an optical 
star coupler according to claim 1 1 , an optical diffuse reflection means is an optical star coupler 
characterized by what the other-end side of the mixing section is equipped with a minute concavo-convex 
field and a reflector for. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention branches the lightwave signal transmitted from the optical fiber of 
arbitration, and relates to the optical star coupler for combining with other optical fibers by low loss 
uniformly. 
[0002] 

[Description of the Prior Art] . for which the optical star coupler which branches one lightwave signal to two 
or more optical fibers, or brings together the lightwave signal from two or more optical fibers in one optical 
fiber is needed in order to build an information communication network using an optical fiber etc. generally 
— as the optical star coupler which attains such an object - JP,59-126510,A "star coupler" United States 
Patent.4365864 Dec. - 28 and 1982"OPTICAL FIBRE MULTIPORT COUPLERS" are indicated. Drawin g 
5 is an example of the optical star coupler which extracted and arranged the part relevant to this invention 
among the conventional techniques by which disclosure was carried out [ above-mentioned ], and explains 
this summary hereafter. 

[0003] In drawing 5 an optical star coupler Two or more optical fibers 1 1-19, 1 A- IE The bundle section 2 
which forms in a flat surface the end face 21 which fixed [ bundled one end of (displaying with two or more 
optical fibers 1 1-1E hereafter), and fixed ] two or more of these optical fibers 1 1-1E, and equips a part of 
this end face 21 with the light reflex means 22, The mixing section 3 which one end face 32 contacts the end 
face 21 formed in the flat surface of the bundle section 2, and constitutes at least the waveguide 31 equipped 
with a wrap size for the core section of two or more optical fibers 1 1-1 E, It has the termination side mirror 
41 equipped with the reflector 42 arranged in the other-end side 33 of the mixing section 3, and is 
constituted. 

[0004] In this configuration, this optical star coupler joins the end face 21 of the bundle section 2 which 
bundled two or more optical fibers 1 1-1E, and the end face 32 of the mixing section 3 which consists of 
cylindrical and transparent optical glass in the example of a graphic display. The termination side mirror 41 
to which the end face 32 joined to the bundle section 2 of optical fibers 1 1-1E has a reflector 42 in the end 
face 33 of the mixing section 3 of an opposite hand is stuck. The waveguide 31 of the mixing section 3 is 
cylinder-like core section 31a. It is core section 31a to the perimeter of a side face. Clad section 31b with a 
small refractive index It is formed. 

[0005] Lightwave signals 6a and 6b which carry out incidence to the mixing section 3 from an optical fiber 
12 in such an optical star coupler Breadth and its part are core section 31a of the mixing section 3 in the 
waveguide 31 of the mixing section 3. It spreads, while total reflection is carried out on a side face, and the 
termination side mirror 41 is reached. Furthermore, these lightwave signals 6a and 6b It is reflected by the 
termination side mirror 41 , the waveguide 3 1 of the mixing section 3 is spread again, and it returns to the 
optical fiber 1 1 - IE side. It is the core part of each optical fibers 1 1-1E here. 1 la-lEa The attained light is 
outputted through the optical fiber. 

[0006] JP,59-126510,A In the example of a graphic display of a "star coupler" A light reflex means 22 by 
which optical reflective processing (reflector 42) was performed on the other-end side 33 of the mixing 
section 3, and the termination side mirror 41 was formed in a part of end face 21 of the bundle section 2 The 
core section of two or more optical fibers 1 1-1E 1 la-lEa The removed clad section 1 lb-lEb Optical 
reflective processing (reflector 23) is formed and constituted by the gap section 10 formed between optical 
fibers 1 1-1E. For example, by taking the sufficiently long die length of the mixing section 3, it can reflect in 
a reflector 42 and the lightwave signal which carried out incidence to the mixing section 3 from the optical 
fiber 12 can be diffused in about 1 appearance all over an end face 21 . The core section of two or more 
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optical fibers 1 1-1 E 1 la-lEa It is outputted as it is and the lightwave signal which carried out incidence is 
the clad section. 1 lb-lEb The lightwave signal to the gap section 10 repeats an echo, and is outputted in a 
reflector 23 and a reflector 42. Consequently, the lightwave signal by which it came from the optical fiber 
12 can be distributed to other optical fibers 1 1-1 E by low loss. 

[0007] moreover, in the example of a graphic display of Fig. 1 (the member number concerned is displayed 
with a parenthesis) of United States Patent.4365864 Dec.28 and 1982"OPTICAL FIBRE MULTIPORT 
COUPLERS" The light reflex means 22 which the termination side mirror 41 was equivalent to the total 
reflection mirror (18) of the invention concerned, and was formed in a part of end face 21 of the bundle 
section 2 the aperture part of a mirror with an aperture (19)-- minding — the core section of each optical 
fibers 1 1-1E 1 la-lEa from — lightwave signals 6a and 6b Incidence is carried out to the mixing section 3. 
And lightwave signals 6a and 6b which carried out incidence to the mixing section 3 from the optical fiber 
12 It reflects in a reflector 42, is spread in about 1 appearance all over an end face 21, and is the core section 
of optical fibers 1 1-1E. 1 la-lEa Lightwave signals 6a and 6b which carried out incidence It is outputted as 
it is. Clad section 1 lb-lEb The lightwave signal to the gap formation part 10 repeats an echo, and is 
outputted in a reflector 23 and a reflector 42. Consequently, it can distribute to other optical fibers 1 1-1 E by 
low loss. In addition, the mirror with an aperture (19) is formed on the end face 21 of the bundle section 2, 
or is formed on the end face 32 of the mixing section 3. 

[0008] The optical star couplers of an above-mentioned configuration are the lightwave signals 6a and 6b 
which chose the dimension of the mixing section 3 appropriately and carried out incidence to the waveguide 
3 1 of the mixing section 3. Although it plans so that it may reflect in a reflector 42 and may be spread in 
about 1 appearance all over an end face 21 According to the experimental result, the optical intensity 
distribution of light to which the optical intensity distribution in the circumference part of waveguide 3 1 
carried out incidence of the light which carried out incidence to a part for the center section of the 
waveguide 3 1 of the mixing section 3 to reverse few at the circumference part of waveguide 3 1 for the 
center section of waveguide 3 1 tend to decrease. An example of an experimental result is illustrated to 
drawing 13. 

[0009] It sets to drawing 13 and is (A) of drawing 13. A block diagram when an above-mentioned optical 
star coupler consists of optical fibers 1 1-17 is shown. (B) of drawing 13, and (D) The plot plan of the optical 
fibers 1 1-17 of the bundle section 2 of this optical star coupler is shown. (C) of drawing 13, and (E) Optical 
intensity distribution are shown on an axis of abscissa, and the location on AB line of waveguide 3 1 is 
shown on an axis of ordinate. (C) of drawing 13 About optical intensity-distribution property drawing when 
light carries out incidence to waveguide 3 1 from the optical fiber 1 7 arranged in a center position, it is (E) of 
drawing 13. Optical intensity-distribution property drawing when light carries out incidence to waveguide 
3 1 from the optical fiber 1 1 arranged in a circumference location is shown. The optical intensity distribution 
of the light which carried out incidence from the optical fiber 17 for a center section of waveguide 31 are 
large at a part for the center section of waveguide 3 1 , and it decreases in a circumference part. Moreover, the 
optical intensity distribution of the light which carried out incidence to reverse from the circumference part 
1 1 of waveguide 31, for example, an optical fiber, are large in a concentric circular band-like part with the 
optical fibers 11-16 which carry out incidence to waveguide 31, and it has the inclination for the optical 
intensity distribution for a center section to decrease. The optical reinforcement which is outputted from 
optical fibers 1 1-17 in any case causes a barrack. 

[0010] Drawing 6 is other conventional technical examples currently performed from the former, in order to 
solve such a problem. In drawing 6 , the different main points from drawing 5 are points that the circular 
mirror 24 which there is no optical fiber in a part for the center section of the mixing section 3 whose optical 
intensity distribution decrease, and has a reflector 23 to this part instead is arranged. That is, two or more 
optical fibers 11-18 put in order and bundle-ized so that the end face of optical fibers 11-18 might make a 
periphery are joined to the mixing section 3, and it is constituted. The termination side mirror 41 which the 
circular mirror 24 is formed in the inside part of the optical fibers 1 1-18 of one end face 32 of the mixing 
section 3 to which optical fibers 11-18 are joined, and equips the other end 33 of the mixing section 3 with a 
reflector 42 is formed. Here, the lightwave signal from an optical fiber 12 is spread distributing the inside of 
the waveguide 31 of the mixing section 3, it is reflected by the termination side mirror 41, and it spreads the 
inside of the waveguide 3 1 of the mixing section 3 again, and returns to an optical fiber 11-18 side. It is the 
core part of each optical fibers 11-18 here. 1 la- 18a It is reflected, and the light which the attained light was 
outputted and reached the circular mirror 24 goes and comes back to the inside of the mixing section 2 
again. 
[0011] 
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[Problem(s) to be Solved by the Invention] As mentioned above, in the optical star coupler by the 
conventional technique, even when signal light carries out incidence from which optical fiber, the optical 
intensity distribution in a cross section parallel to the end face of the light which spreads the inside of the 
waveguide of the cylindrical shape-like mixing section cannot be made into homogeneity. Therefore, if the 
configuration which an optical fiber is only bundled, was clustered and was bundle-ized is used, variation 
will arise about the reinforcement of the output lightwave signal which branches to each optical fiber. 
[0012] This is canceled, and in order to make into homogeneity reinforcement of the lightwave signal which 
branches to each optical fiber, the approach of arranging an optical fiber on the periphery which separated 
fixed distance from the medial axis of the mixing section is proposed. In such a configuration, in order to 
make the branching ratio of a lightwave signal regularity for every optical fiber, there is a problem on the 
process tolerance that the location gap with each optical fiber and the mixing section must be made small 
enough. 

[0013] furthermore, when a clearance is between each of each optical fiber and a circular mirror, the light 
which spread the mixing section and arrived at the clearance is emitted outside, without becoming output 
light, and is lost. Since the light which spread the mixing section similarly and reached the clad part of each 
optical fiber can hardly spread the inside of an optical fiber, either, it is that it is lost, and it has the problem 
that the utilization effectiveness of a lightwave signal falls for these loss. 

[0014] This invention is made in view of the above-mentioned point, the object solves the above mentioned 
technical problem, the lightwave signal by which incidence was carried out to the mixing section from the 
optical fiber is branched and combined efficiently, and it is in offering the optical star coupler which makes 
reinforcement of a lightwave signal homogeneity. 
[0015] 

[Means for Solving the Problem] In order to attain the above-mentioned object, it sets to this invention. The 
bundle section which formed [ bundled one end of two or more optical fibers, and fixed ] this end face in the 
flat surface, One end face shall contact the end face formed in the flat surface of the bundle section, and 
shall be equipped with the optical diffuse reflection means arranged in the core section of two or more 
optical fibers in the other-end side of the mixing section which consists of waveguide equipped with a wrap 
size, and the mixing section at least. 

[0016] Optical diffuse reflection of the lightwave signal which carried out incidence to the mixing section is 
reached and carried out to the optical diffuse reflection means arranged in the other-end side of the mixing 
section from an optical fiber by this configuration. The problem said that the lightwave signal which carries 
out incidence from the optical fiber of the bundle section in the conventional technique , and spreads the 
mixing section according to it since diffuse reflection of the reflected light is carried out in the distribution 
property defined beforehand by this optical diffuse reflection operation becomes uneven optical intensity 
distribution in a cross section parallel to an end face can be equalized by the diffuse reflection in a 
termination side mirror . Therefore, even if a location gap is between each optical fiber of the bundle 
section, and the mixing section, dispersion in the branching ratio of the lightwave signal to each optical fiber 
can be made small. 

[0017] Moreover, the bundle section which formed [ bundled one end of two or more optical fibers, and 
fixed ] this end face in the flat surface, The mixing section which one end face contacts the end face formed 
in the flat surface of the bundle section, and consists the core section of two or more optical fibers of 
waveguide equipped with a wrap size at least, Having the optical diffuse reflection means arranged in the 
other-end side of the mixing section, the waveguide of the mixing section shall constitute refractive-index 
distribution pattern waveguide with a high part refractive index nearly for a core. 

[0018] Moreover, spacing of two end faces of the waveguide of the mixing section shall be made into the 
dimension in which the outgoing radiation location of the outgoing radiation light from an other-end side 
becomes settled according to the direction of incidence of the incident light to one end face. It spreads by 
this configuration, carrying out incidence of the lightwave signal from one optical fiber of the bundle 
sections to refractive-index distribution pattern waveguide, and being refracted, and the optical diffusion 
layer which constitutes an optical diffuse reflection means is reached. Incidence of the lightwave signal at 
this time is carried out to an optical diffusion layer in the location and propagation which become settled in 
the location where the optical fiber which carried out outgoing radiation of the lightwave signal has been 
arranged, and the direction of incidence. Then, outgoing radiation of the lightwave signal is diffused and 
carried out by the optical diffusion layer, and it is reflected by the termination side mirror, and it is again 
diffused in an optical diffusion layer, and carries out incidence to refractive-index distribution pattern 
waveguide. The lightwave signal which was diffused and carried out incidence to refractive-index 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgiejje 9/13/2006 



JP,09-1 84941 ,A [DETAILED DESCRIPTION] 



Page 4 of 14 



distribution pattern waveguide in the various directions of incidence spreads the inside of refractive-index 
distribution pattern waveguide again, and reaches the end face of the refractive-index distribution pattern 
waveguide with which the bundle section is in contact. The location where the light by which diffuse 
reflection was carried out reaches the end face of the refractive-index distribution pattern waveguide of the 
bundle section is distributed in various locations corresponding to each direction of incidence which diffuse 
reflection is carried out and carries out incidence to refractive-index distribution pattern waveguide. 
Therefore, the intensity distribution of the lightwave signal in the end face which touches the refractive- 
index distribution pattern waveguide of the bundle section by the diffusion in an optical diffusion layer can 
be equalized more, and this lightwave signal distributed over homogeneity serves as incident light to each 
optical fiber. 

[0019] Especially spacing of the waveguide of the mixing section by making it the dimension in which the 
outgoing radiation location of the outgoing radiation light from an other-end side becomes settled according 
to the direction of incidence of the incident light to one end face If the after-tack light from a termination 
side mirror is diffused and incidence is carried out to refractive-index distribution pattern waveguide in all 
the predetermined directions of incidence within the limits, diffuse reflection light can be spread in all the 
outgoing radiation locations in the field where the end face of each optical fiber of the bundle section is 
contained. When [ uniform ] carrying out intensity distribution, all the locations of the bundle section can be 
made to spread the light of uniform intensity distribution to the direction of the light in which an optical 
diffuse reflection means carries out diffuse reflection. 

[0020] Moreover, the bundle section which arranges and fixed piece one end of two or more optical fibers in 
the shape of a cylinder, and formed this end face in the flat surface, The mixing section which one end face 
contacts the end face formed in the flat surface of the bundle section, is equipped with a wrap size for the 
core section of two or more optical fibers arranged in the shape of a cylinder at least, and a cross section 
becomes from the waveguide of a cylindrical shape which makes concentric circular, It shall have the light 
reflex means arranged in the other-end side of the mixing section. 

[0021] When a cross section makes it longer than the die length which was able to define beforehand the die 
length of the waveguide of a cylindrical shape which makes concentric circular by this configuration, it is 
reflected by the breadth of the light based on the numerical aperture (NA) of an optical fiber on the outskirts 
of waveguide of the cylindrical shape which makes concentric circular, and the light which carries out 
incidence to cylindrical shape waveguide from the optical fiber of arbitration can obtain optical power with 
little angular dependence of a circumferencial direction to the medial axis of a concentric circle by it. That 
is, a location cylindrical shape waveguide on the street can be made to spread the light of uniform intensity 
distribution. 

[0022] Moreover, the bundle section which arranges and fixed one end of two or more optical fibers in the 
shape of a polygon, and formed this end face in the flat surface, The mixing section which one end face 
contacts the end face formed in the flat surface of the bundle section, is equipped with a wrap size for the 
core section of two or more optical fibers arranged in the shape of a polygon at least, and a cross section 
becomes from the waveguide of a multiple column which makes the shape of a polygon, It shall have the 
light reflex means arranged in the other-end side of the mixing section. 

[0023] By this configuration, a cross section makes it longer than the die length which was able to define 
beforehand the die length of the waveguide of a multiple column which makes the shape of a polygon, and a 
polygonal configuration is used as a triangle, a rectangle, a hexagon, etc., and the polygonal circumference 
is made into the configuration which can be developed that there is no clearance on a 2-dimensional flat 
surface, and there is no lap by developing by return. Consequently, the light which carries out incidence to 
polygonal waveguide from the optical fiber of arbitration is reflected by the breadth of the light based on the 
numerical aperture (NA) of an optical fiber on the outskirts of waveguide of the cylindrical shape which 
makes the shape of a polygon, and the return light to an optical fiber can obtain optical power with few 
dependencies of the location in a polygon. 

[0024] Moreover, the light reflex means arranged in the other-end side of the mixing section can also be 
equipped with an optical diffuse reflection means. By the configuration which equips the other-end side of 
this mixing section with an optical diffuse reflection means, the waveguide of the cylindrical shape with 
which a cross section makes concentric circular, and a cross section can shorten the die length of the mixing 
section of waveguide ** of a multiple column which makes the shape of a polygon. 

[0025] Moreover, the end face formed in the flat surface of the bundle section can also be equipped with a 
light reflex means. Moreover, the light reflex means formed in the flat surface of a bundle section end face 
can also form a light reflex side in the whole surface where the mixing section contacts at least except for 
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the core section of two or more optical fibers. 

[0026] Moreover, an optical diffuse reflection means can also establish and form a transparent optical 
diffusion layer between the other-end side of the mixing section, and the reflector where a termination side 
mirror is flat. Moreover, an optical diffuse reflection means can also establish and form the optical diffusion 
layer which consists of a volume hologram between the other-end side of the mixing section, and the 
reflector where a termination side mirror is flat. 

[0027] Moreover, an optical diffuse reflection means can also equip the field side where a termination side 
mirror contacts the mixing section with the reflector which has a minute concavo-convex side. Moreover, 
instead of forming an optical diffuse reflection means in a termination side mirror, an optical diffuse 
reflection means can also equip the other-end side of the mixing section with a minute concavo-convex field 
and a reflector. 

[0028] It is reflected with a bundle side light reflex means, the lightwave signal which did not carry out 
incidence to the core of each optical fiber spreads the inside of waveguide again, and by it, it is repeatedly 
reflected by Hazama of a termination side mirror and a bundle side light reflex means until it is outputted by 
this configuration. 
[0029] 

[Embodiment of the Invention] The block diagram of the optical star coupler of the examples 1 and 2 by this 
invention and drawing 2 drawing 1 Refractive-index property drawing of the waveguide of the mixing 
section, The explanatory view in which drawing 3 explains the propagation property of the lightwave signal 
in refractive-index distribution pattern waveguide, Property drawing of incident light and outgoing radiation 
light, the block diagram of the optical star coupler of the examples 3 and 5 according [ drawing 7 ] to this 
invention, [ in / in drawing 4 / refractive-index distribution pattern waveguide ] The block diagram of the 
optical star coupler of the examples 4 and 5 according [ drawing 8 ] to this invention, the explanatory view 
of waveguide in which, as for drawing 9 , a cross section makes the shape of a polygon, The explanatory 
view in which drawing 10 explains change of signal light power distribution of the optical star coupler by 
the example 3, the sign as the explanatory view of the deformation waveguide which makes the shape of a 
polygon, and the same function part material corresponding to [ come out, are and ] drawing 5 , drawing 6 , 
and drawing 1 3 with the cross section same [ the explanatory view in which drawing 1 1 explains change of 
signal light power distribution of the optical star coupler by the example 4, and drawing 12 ] is attached. 
[0030] The gestalt of operation by the optical star coupler of this invention can be divided roughly into three 
gestalten described below. Namely, optical star coupler; 

(1) Correspond to examples 1 and 2 and the mixing section consists of cylindrical shape-like waveguides. 
The configuration which equips other end faces of the mixing section with an optical diffuse reflection 
means, especially configuration which waveguide becomes from refractive-index distribution pattern 
waveguide (2) It corresponds to examples 3 and 5. Configuration which the mixing section is cylindrical 
shape-like waveguide and comes to prepare a light reflex means or an optical diffuse reflection means for 
other end faces of the mixing section (3) It corresponds to examples 4 and 5. The mixing section is polygon- 
like waveguide and the following three operation gestalten are explained below the configuration that comes 
to prepare a light reflex means or an optical diffuse reflection means for other end faces of the mixing 
section. 

[0031] In drawing 1 ; (1) An optical star coupler The bundle section 2 which formed [ bundled one end of 
two or more optical fibers 1 1 -IE, and fixed ] this end face 21 in the flat surface, One end face 32 contacts 
the end face 21 formed in the flat surface of the bundle section 2, and it is the core section of two or more 
optical fibers 1 1-1 E at least. 1 la-lEa The mixing section 3 which consists of waveguide 31 equipped with a 
wrap size, It has the optical diffuse reflection means 4 arranged in the other-end side 33 of the mixing 
section 3, and is constituted. 

[0032] Lightwave signals 6a and 6b which carried out incidence to the mixing section 3 from the optical 
fiber 12 in this configuration Diffuse reflection is reached and carried out to the optical diffuse reflection 
means 4 arranged in the other-end side 33 of the mixing section 3. The lightwave signals which carry out 
incidence from one optical fiber of the bundle section 2 with the conventional technique, and spread the 
mixing section 3 are end faces 32 and 33. The uneven problem in an parallel cross section which carries out 
intensity distribution can carry out diffusion distribution of the reflected light by the diffuse reflection in the 
optical diffuse reflection means 4, and can attain equalization of the reflected light. Consequently, the 
luminous-intensity distribution which spreads the inside of the mixing section 3 and returns to the bundle 
section 2 becomes almost uniform, and can make small dispersion in the branching ratio of the lightwave 
signal to each optical fibers 1 1-1E irrespective of a location gap of Hazama of each optical fibers 1 1 -IE of 
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the bundle section 2 and the mixing section 3. 

[0033] In drawing 7 ; (2) An optical star coupler Bundle section 2 A which arranges and fixed piece one end 
of two or more optical fibers 1 1-1 8 in the shape of a cylinder, and formed this end face 21 in the flat surface, 
The core section of two or more optical fibers 11-18 with which one end face 32 contacts the end face 21 
formed in the flat surface of bundle section 2 A, and is arranged in the shape of [ above-mentioned ] a 
cylinder at least 1 la- 18a It has a wrap size. A cross section is equipped with the mixing section 8 which 
consists of waveguide 81 of a cylindrical shape which makes concentric circular, and light reflex means 4A 
arranged in the other-end side 33 of the mixing section 8, and is constituted. 

[0034] When a cross section makes it longer than the die length zO which was able to define beforehand die- 
length z of the waveguide 81 of a cylindrical shape which makes concentric circular in this configuration 
optical fiber of arbitration (11-18) from — the light which carries out incidence to the cylindrical shape 
waveguide 81 the circumference (core section 81a and clad section 81b — ) of the waveguide 81 of a 
cylindrical shape which makes concentric circular by the breadth of the light based on the numerical 
aperture (NA) of an optical fiber 1 And core section 81a Clad section 81c It is reflected by the interface and 
optical power with few dependencies by the include angle theta of a circumferencial direction can be 
obtained to the medial axis Z of a concentric circle. That is, the location on the cylindrical shape waveguide 
81 can be made to spread the light of uniform intensity distribution. 

[0035] In drawing 8 ; (3) An optical star coupler Bundle section 2B which arranges and fixed one end of two 
or more optical fibers 1 1-18 in the shape of a polygon, and formed this end face 21 in the flat surface, One 
end face 32 contacts the end face 21 formed in the'flat surface of bundle section 2B. Waveguide of the 
multiple column with which it has a wrap size for core section of two or more optical fibers 11-18 arranged 
in the shape of a polygon at least, and a cross section makes the shape of a polygon 1 1 a- 1 8a (in the example 
of a graphic display, a cross section the waveguide 92 of a rectangle-like prism, and the following) It has the 
mixing section 9 which consists of explaining waveguide 92 as an example of representation, and light 
reflex means 4C arranged in the other-end side 32 of the mixing section 9, and consists of drawing 8 . 
[0036] By this configuration, a cross section makes it longer than the die length zO which was able to define 
beforehand die-length z of the waveguide 92 of a multiple column which makes the shape of a polygon. 
Moreover, a polygonal configuration is used as a triangle, a rectangle, a hexagon, etc., and is made into the 
configuration which can develop the polygonal circumference by developing by return that there is no 
clearance on a 2-dimensional flat surface, and there is no lap. consequently, optical fiber of arbitration (11- 
1 8) from — the light which carries out incidence to the polygonal waveguide 92 is reflected by the breadth of 
the light based on the numerical aperture (NA) of an optical fiber around the waveguide 92 of a cylindrical 
shape which makes the shape of a polygon (interface of core section 92a and clad section 92b), and the 
return light to optical fibers 11-18 can obtain optical power with few dependencies of the location in a 
polygon. 
[0037] 

[Example 1] Drawing 2 shows the refractive-index property of the waveguide 31 of the mixing section 3, 
and is (A) of drawing 2 as the following and an example 1. Core section 31a of the refractive index n with 
the uniform waveguide 3 1 of the mixing section 3 to illustrate The optical star coupler which it has is 
explained, core section 31a of waveguide 31 a refractive index n - clad section 31b since it is higher than a 
refractive index - lightwave signals 6a and 6b from the end face 32 to the end face 33 of mixing circles 
propagation ~ core section 31a Clad section 3 lb A lightwave signal can be spread by low loss using the 
total reflection in a boundary. 

[0038] In drawing 1 , from an optical fiber 1 1 to optical fiber IE, 14 optical fibers of (an optical fiber 16 to 
optical fiber IE does not specify a number by a diagram) are bundled, and the bundle section 2 is formed. 
The mixing section 3 is core section 31a of a bigger cross section than the part which bundled the optical 
fibers 1 1 -1 E of the bundle section 2. It consists of waveguide 3131 which it has, for example, the optical 
fiber of a major diameter, and it is arranged at the end face 32 of one of these so that the end face 21 of each 
optical fibers 1 1-1 E of the bundle section 2 may be touched. The optical diffusion layer (43, 44 or 45, 
especially when not classifying, it represents with 43) is formed in the termination side mirror [ to which the 
optical diffuse reflection means 4 has the flat reflector 42 in the example of a graphic display ] 41, and front- 
face side of this reflector 42. The reflector 42 is arranged so that the end face 33 of the waveguide 3 1 of the 
mixing section 3 may be touched through the optical diffusion layer 43. Such an optical diffusion layer 43 
can be formed by the transparent member which has detailed irregularity in a front face. 
[0039] The bundle section 2 grinds a side [ among the tied optical fibers 1 1-1 E it is filled up with a binder, it 
fixes and it touches the mixing section 3 ], and forms a flat field. On this field, it is the core part of each 
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optical fibers 1 1-1E. 1 la-lEa (at (B) of drawing 1 , numbers other than core partial 12a are graphic display 
abbreviations) is removed, and it is the clad section of optical fibers 1 1-1E. 1 lb-lEb And the light reflex 
means 22 (reflector 23) illustrated by hatching so that the whole surface of the gap section 10 may be 
covered is formed. This light reflex means 22 exposes the negative-mold photoresist applied to the end face 
21 of the bundle section 2 with the outgoing radiation light from each optical fibers 1 1-1E. Negatives are 
developed and it is the core part of each optical fiber. 1 la-lEa The condition that the photoresist was 
covered is built. Next, reflective film, such as a metal membrane, is formed in the end face 21 of this bundle 
section 2 by vacuum evaporationo, and it is the core part of each optical fibers 1 1-1 E to the last. 1 la-lEa 
The covered photoresist can be formed by exfoliating. 

[0040] one optical fiber of the bundle sections 2 (for example, 1 2) from — input light 6a and 6b. Incidence is 
carried out to the mixing section 3, and it is core section 31a of waveguide 31. It spreads distributing. It is 
spread with the optical diffuse reflection means 4 (optical diffusion layer 43) which touched the end face 33, 
and it is reflected continuously in a reflector 42, is again spread in the optical diffusion layer 43, and is core 
section 31a of waveguide 31 . It spreads and an end face 32 is reached. At this time, ****** [ before 
reaching the optical diffuse reflection means 4 ], the intensity distribution of the lightwave signal in the 
uneven waveguide 3 1 are equalized by the diffuse reflection in the optical diffuse reflection means 4, and 
almost uniform intensity distribution are acquired by the end face 32. therefore, core section 1 la -lEa of 
each optical fibers 1 1-1 E which touch an end face 32 the luminous intensity which resulted ~ these core 
section 1 la - lEa Core section 31a of waveguide 31 from - unless it begins to see - the core section 1 la- 
lEa It becomes almost the same irrespective of a location. Since these lightwave signals serve as output 
light from each optical fibers 1 1-1 E as it is, branching to each output light from an input lightwave signal 
can constitute dispersion small. Moreover, core part of each optical fibers 1 1-1E 1 la-lEa It is reflected in 
the reflector 23 of the light reflex means 22, and the lightwave signal which reached except is core partial 
3 1 a of waveguide 3 1 again. It spreads. In this way, lightwave signals 6a and 6b A multiple echo is carried 
out by Hazama of the optical diffuse reflection means 4 and the light reflex means 22 until it is outputted 
from each optical fibers 1 1-1E, and it does not emanate outside other than the output light from each optical 
fibers 1 1-1E. Therefore, optical loss is small and can transmit a lightwave signal efficiently. 
[0041] Moreover, diffuse reflection of a lightwave signal can be performed like by forming in a front face 
the optical diffusion layer 45 equipped with the reflector with detailed irregularity illustrated by drawin g 1 
as a termination side mirror 41 as an optical diffuse reflection means 4, without establishing a reflector 42 
and the optical diffusion layer 43 separately. Instead of forming the optical diffuse reflection means 4 in the 
termination side mirror 41, the optical diffuse reflection means 4 can constitute the optical diffusion layer 45 
which equips the other-end side 33 of the mixing section 3 with a minute concavo-convex side and a minute 
reflector further again. The same operation and effectiveness as the case where the above-mentioned optical 
diffusion layer 43 is formed also in these cases by the transparent member which has detailed irregularity in 
a front face can be acquired. 

[0042] Moreover, the optical diffuse reflection means 4 can establish and form the optical diffusion layer 44 
which consists of a volume hologram between the other-end side 33 of the mixing section 3, and the flat 
reflector 42 of the termination side mirror 41 . Such a volume mold hologram is obtained by irradiating the 
coherent diffused light and exposing it to sensitization material, such as a photopolymer. The hologram 
which has a desired optical diffusion property by choosing the incident angle to the range of the diffusion 
angle of this diffused light to irradiate, intensity distribution, wavelength, and sensitization material etc. is 
obtained. 
[0043] 

[Example 2] The configuration of the optical star coupler of an example 2 is the same as the configuration of 
the optical star coupler of the example 1 illustrated by drawing 1 except for the refractive-index property of 
the waveguide 3 1 of the mixing section 3. The refractive-index property of the waveguide 3 1 of this mixing 
section 3 is (B) of drawing 2 . It has the refractive-index distribution pattern property that a part refractive 
index nearly for a core illustrated is high. Hereafter, the case where waveguide 3 1 has a refractive-index 
distribution pattern property is explained. 

[0044] In drawing 1 , 14 optical fibers 1 1-1E are bundled, and the bundle section 2 is formed. It is arranged 
so that one end face 32 of the refractive-index distribution pattern waveguide 31 with a high part refractive 
index nearly for a core may touch the end face 21 of each optical fibers 1 1-1 E of the bundle section 2. The 
termination side mirror 41 has the flat reflector 42, and a reflector 42 is arranged so that the end face 33 of 
the refractive-index distribution pattern waveguide 3 1 may be touched through the optical diffusion layer 
43. moreover — the end face 21 of the bundle section 2 which touches the refractive-index distribution 
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pattern waveguide 31 — core part of each optical fibers 1 1-1E of the bundle section 2 1 la-lEa The removed 
clad section 1 lb-lEb ** The gap section 10 of each optical fibers 1 1-1 E, the whole surface ~ a wrap — like - 
- a bundle side — light reflex means 22 (reflector 23) It is formed. 

[0045] The refractive index of the refractive-index distribution pattern waveguide 31 used here shall be the 
symmetry of revolution, and shall be distributed over the surroundings of the medial axis of waveguide 3 1 
from the medial axis toward the direction of a periphery parabolic. Such waveguide 3 1 When it has the 
refractive-index distribution property expressed with (1) type, the meridional ray (beam of light which 
spreads the inside of the flat surface containing the medial axis of waveguide 31) which spreads the inside of 
waveguide 3 1 becomes fixed [ the optical path length from an incidence end face to an outgoing radiation 
end face ] regardless of the incidence location and incident angle of waveguide 3 1 . 
[0046] 

[Equation 1] n (r) =n0 and sech (a-r) — (1) Here, it is [ refractive index / on a medial axis ] a about n (r) and 
a refractive-index distributed constant in the refractive index of nO and a medial axis to the distance r. It 
carries out. Moreover, refractive-index distribution When it has the refractive-index distribution property 
expressed with (2) types, the helical beam of light (beam of light which spreads the surroundings of a medial 
axis spirally) which spreads the inside of waveguide 3 1 becomes fixed [ the optical path length from the 
incidence end face 32 to the outgoing radiation end face 33 ] regardless of the incidence location and 
incident angle of waveguide 3 1 . 
[0047] 

[Equation 2] n (r) = nO {l+(a-r) 2} -1/2 - (2) and (1) Formula (2) types are 4 (a-r), when all are developed 
by BEKI ** of (a-r). It is (3) when the above high order term can be disregarded. It can approximate by the 
formula. 
[0048] 

[Equation 3] n (r) = nO {l-(a-r) 2/2} ~ (3), therefore the refractive index of waveguide 31 are distributed 
over parabolic from a medial axis, and it is 4 (a-r). When the above high order term can be disregarded, the 
optical path length to the outgoing radiation end face 33 becomes almost fixed from the incidence end face 
32 of waveguide 3 1 to any beams of light which spread this waveguide 3 1 . 

[0049] Furthermore, refractive-index distribution so that it may illustrate to drawing 4 The locus (T 
illustrates by drawing 4 ) of the meridional ray which spreads the inside of the waveguide 3 1 expressed with 
(3) types Spacing of the incidence end face 32 and the outgoing radiation end face 33, i.e., the die length of 
waveguide 3 1, z, the location of the beam of light in the incidence end face 32 — rl, the incident angle of the 
beam of light in the incidence end face 32 — the location of the beam of light in alpha 1 and the outgoing 
radiation end face 33 — r2, the outgoing radiation angle of the beam of light in the outgoing radiation end 
face 33 — alpha 2 ** — if it carries out — between these parameters — (4) It is related to a formula. 
[0050] 
[Equation 4] 

r 2 = rl * cos(a 4 z) -f {al / (n 0 • a)} • sin(a * z ) , 
a 2 =— rl ♦ no • a ♦ sin(a • z) -Hal • cos(a • z) 

(4) 

It is (4) especially when it is z=pi/(2a). The relation between incident light and outgoing radiation light is (5) 
from a formula. It is expressed with a formula. 
[0051] 
[Equation 5] 

r 2 = al / (n 0 • a) , 

a 2 = — rl • no • a (5) 

Therefore, (5) The beam of light which passes along one point (rl) of the incidence end face 32 of this 
waveguide 31 when a formula is materialized is that incident angle, (alpha 1) It is an outgoing radiation 
angle fixed in the outgoing radiation end face 33, without depending, (alpha 2) Having [ and ], that outgoing 
radiation location (r2) is an incident angle, (alpha 1) It will be responded and distributed. The refractive- 
index distribution pattern waveguide 3 1 used in the example 2 of this invention is (3). Since it has the 
refractive-index distribution property expressed with a formula and the die length of waveguide 3 1 is made 
into pi/(2a), it is above-mentioned (5). The relation between the incident light expressed with a formula and 
outgoing radiation light is materialized. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/13/2006 



JP,09- 184941, A [DETAILED DESCRIPTION] 



Page 9 of 14 



[0052] Moreover, the optical diffuse reflection means 4 used in the example 2 of this invention consists of 
an optical diffusion layer 44 which consists of the aggregate of many minute volume mold holograms, and a 
termination side mirror 41 equipped with a reflector 42. Each minute hologram changes the refractive index 
of a transparent medium periodically, and is formed. There is a property which diffracts strongly the light 
which carries out incidence in specific wavelength and a specific direction in a volume mold hologram, and 
the conditions of the incident light are called a Bragg condition, and are expressed with (6) types. 
[0053] 

[Equation 6] kappad =kappai+beta — (6) Here, it is kappai. kappad The direction is equal to the propagation 
of the diffracted light from the incident light and hologram to a hologram respectively, it is an incident light 
vector and a diffracted-light vector, respectively, and it is [ the magnitude sets wavelength of incident light 
to lambda, and ] 2 pi/lambda. The direction is equal to the normal of the index surfaces, such as a hologram, 
beta is a grid vector and it is [ the magnitude sets the die length of one period of refractive-index change to 
p, and ] 2 pi/p. Therefore, the combination of the direction of incidence and the diffraction direction with 
which the Bragg condition of the hologram is filled corresponds to 1 to 1 to each hologram. Here, since the 
medium is transparent, most incident light [ Bragg condition / which carries out incidence to a certain 
minute hologram ] shifted penetrates the minute hologram, without diffracting. 

[0054] Thus, the incident light to the optical diffuse reflection means 4 constituted carries out sequential 
passage of the minute hologram within the optical diffusion layer 44, and is diffracted by the minute 
hologram which fulfills the Bragg condition of these. The diffracted light from many minute holograms 
turns into light which diffused incident light as a whole, and outgoing radiation is carried out from the 
optical diffusion layer 44. The incident light from which the direction of incidence to the optical diffusion 
layer 44 differs is diffracted by another minute hologram corresponding to the direction. 
[0055] The optical diffusion layer 44 used here is included in homogeneity so that the minute hologram 
corresponding to all the combination of the direction of incidence of the predetermined include angle 
mentioned later within the limits and the diffraction direction may become the same rate also to the 
combination of which include-angle direction. Therefore, the incident light which serves as an incident 
angle smaller than an above-mentioned predetermined include angle at this optical diffusion layer 44 can be 
diffused in homogeneity in all those predetermined include-angle directions within the limits. Here, the 
magnitude of an incident angle when the light which carried out outgoing radiation to the predetermined 
include angle from the optical fiber which is most separated from the medial axis of the refractive-index 
distribution pattern waveguide 3 1 reaches the optical diffusion layer 44 corresponds. 

[0056] Such an optical star coupler of a configuration operates like the following explanation, one in which 
the bundle section 2 carried out the graphic display abbreviation in drawing 3 of optical fibers (for example, 
12) from — the lightwave signals 6a-6g which carry out incidence are spread carrying out incidence and 
being refracted from the end face 32 of the refractive-index distribution pattern waveguide 3 1 , and reach the 
optical diffusion layer 44 which touched the end face 33. the refractive-index distribution pattern waveguide 
31 explained previously Core part (12a) of the optical fiber 12 with which the direction of outgoing 
radiation of incidence from the end face 33 at this time, i.e., the direction to the optical diffusion layer 44, 
carried out outgoing radiation of the lightwave signals 6a-6g from the medial axis of the refractive-index 
distribution pattern waveguide 3 1 since the relation of (5) types was materialized up to — according to 
distance (rl), it becomes the direction of fixed within the limits (alpha 2). Namely, (A) of drawing 3 Setting, 
lightwave signals 6a-6g are core partial 12a of an optical fiber 12 here. The direction of outgoing radiation 
as for which this light carries out outgoing radiation from an end face 33 since only the light which carried 
out outgoing radiation at the include angle which becomes settled in the numerical aperture NA of an optical 
fiber 12 from one point is shown is the fixed direction alpha 2. It is become and expressed. The incident 
light to this optical diffusion layer 44 is diffused in homogeneity in all the predetermined include-angle 
directions within the limits according to the optical diffusion layer 44. This predetermined include angle is 
made equal to the magnitude of an incident angle when the light which carried out outgoing radiation from 
the optical fiber which is most separated from the medial axis of the refractive-index distribution pattern 
waveguide 31 among the optical fibers 1 1-1 E of the bundle section 2 reaches the optical diffusion layer 44. 
[0057] It is reflected in the reflector 42 by which the graphic display abbreviation is carried out in drawing 
3 , it is again spread in the optical diffusion layer 44, and the diffused light from the optical diffusion layer 
44 is (B) of drawing 3 . End face 33 illustrated a-g Incidence is continuously carried out to the refractive- 
index distribution pattern waveguide 3 1 like. This direction of incidence is distributed within the limits of 
the above-mentioned predetermined include angle by which fixed was carried out by the optical diffusion 
layer 44 at homogeneity. Also as opposed to this incident light Since the location of the optical fiber of the 
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bundle section 2 which the relation of (5) types is realized and the maximum of the angle of incidence to an 
end face 33 has in the distance most from the medial axis of the refractive-index distribution pattern 
waveguide 3 1 is supported The light 7a-7g which spread the refractive-index distribution pattern waveguide 
31 Ion end face 32 corresponding to the direction whole part with same direction of incidence to end face 
33 G It gathers. On the whole It can be distributed at homogeneity in the circle which makes a radius 
distance to the optical fiber of the bundle section 2 which exists in the distance most from the medial axis of 
the refractive-index distribution pattern waveguide 3 1 focusing on the medial axis of the refractive-index 
distribution pattern waveguide 31. Therefore, core partial 1 la - lEa of each optical fibers 1 1 -IE which touch 
an end face 32 Any optical fibers 1 1-1 E of each become the same, and the reaching luminous intensity is 
these core parts. 1 la-1 Ea Since the light which carried out incidence turns into output light from each 
optical fibers 1 1-1 E as it is, dispersion does not arise from the input lightwave signal over each output to a 
branching ratio. 

[0058] Furthermore, it is reflected by the light reflex means 22 (reflector 22) by the side of bundle 2, and the 
part of the light by which reaches an end face 32 and outgoing radiation is not carried out from each optical 
fibers 1 1-1E spreads the inside of the refractive-index distribution pattern waveguide 31 again. In this way, 
the multiple echo of it is carried out by Hazama of the optical diffuse reflection means 4 and the light reflex 
means 22, and the lightwave signal inputted into this optical star coupler turns into an output lightwave 
signal until it is outputted from optical fibers 1 1-1E. Since it does not emanate outside other than this output 
lightwave signal, an optical star coupler with little optical loss can be constituted. 

[0059] The bundle section 2 fills up with and fixes adhesives among the tied optical fibers 1 1-1E, grinds 
evenly the field which touches the mixing section 3, and is formed. The light reflex means 22 by the side of 
a bundle exposes the negative-mold photoresist applied to the end face 21 of the bundle section 2 as 
mentioned above with the light which has sensibility in the photoresist of each optical fibers 1 1-1 E by which 
outgoing radiation is carried out. This is developed and it is core partial 1 la -lEa of each optical fibers 11- 
1E. After covering, Reflective film, such as a metal membrane, is formed in the end face 21 of this bundle 
section 2 by vacuum evaporationo, and it is core partial 1 la -lEa of each optical fibers 1 1 -IE to the last. The 
covered photoresist can be manufactured by exfoliating. 

[0060] After the refractive-index distribution pattern waveguide 3 1 processes the optical glass which doped 
the monovalence ion to which for example, the rate of electronic polarization tends to move the inside of 
glass at an elevated temperature greatly in the shape of a cylinder, it can be manufactured by forming 
required refractive-index distribution using the parabola approximation nature of the ionic diffusion 
distribution produced by exchanging for the ion which carried out long duration immersion at fused salt, and 
doped this beforehand, and the alkali ion in fused salt. 

[0061] The aggregate of the minute hologram which makes the optical diffusion layer 44 is obtained by 
irradiating the coherent diffused light and exposing it to sensitization material, such as a photopolymer from 
which a refractive index changes according to light exposure. Since the luminous-intensity distribution by 
the interference fringe which the two flux of lights which cross inside the exposed sensitization material 
build is recorded as refractive-index change of sensitization material and serves as a hologram, the 
combination of the incident light and the diffracted light which fulfill the Bragg condition of this hologram 
is in agreement with the combination of the two flux of lights which exposed this hologram. Therefore, 
since intensity modulation of the interference fringe which the flux of light of the 2-way builds will be 
carried out in the same magnitude even when the two directions of the include-angle within the limits are 
combined how if it is made homogeneity within the limits of the predetermined include angle required of the 
optical diffusion layer 44 which mentioned above the intensity distribution of the diffused light which 
exposes sensitization material, the optical diffusion layer 44 with the diffusion property mentioned above 
can be acquired. 

[0062] Although die-length z of the refractive-index distribution pattern waveguide 3 1 was made into pi/(2a) 
in the example shown in drawing 1 and drawing 3 At waveguide with the same refractive-index distribution 
as this, it is die-length z. Since the direction of outgoing radiation of the outgoing radiation light from an 
other-end side can be changed according to the incidence location of the incident light to the end face of one 
of these when expressed with (7) types This invention can be constituted even if it uses the refractive-index 
distribution pattern waveguide 3 1 of die-length z of (7) type. 
[0063] 

[Equation 7] z=(2N+l) -pi/(2a) — Although (7), however N used for the optical diffusion layer 44 the 
hologram which penetrates and diffuses incident light in the forward integer and the example shown in 
drawing 1 and drawing 3 , even if they use for the optical diffusion layer 44 further the hologram which it 
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replaces [ hologram ] with this, and reflects and diffuses incident light, they can constitute this invention. 
[0064] 

[Example 3] In drawing 7 , eight optical fibers 11-18 place bundle section 2 A neatly in the shape of a 
periphery on an end face 21, and it is arranged, the waveguide 81 of mixing 8 — at least — the core section of 
the optical fibers 11-18 of bundle section 2 A 1 la- 18a Core section 81a of the cylindrical shape-like 
waveguide 81 which has wrap thickness This core section 81a They are the wrap clad sections 81b and 81c 
about a both-sides side (front face except the ends sides 32 and 33). It is constituted and is core section 81a. 
The light which spreads inside fulfills total reflection conditions, and is the clad sections 81b and 81c. It is 
constituted by the appearance which does not begin to leak. The piece end face 32 of the waveguide 81 of 
mixing 8 is the core section of optical fibers 11-18. 1 la-18a It is core section 81a of the cylindrical shape- 
like waveguide 8 1 about all range. It has been arranged so that it may cover, and it is in contact with the end 
face 21 of bundle section 2A. Moreover, the core section of the optical fibers 11-18 of bundle section 2A 
1 la- 18a As for the whole surface to remove, the bundle side reflector 23 is installed. In the other end side 33 
of the waveguide 81 of mixing 8, the termination side mirror 41 is installed in the whole surface as light 
reflex means 4A. 

[0065] Next, the case where signal light carries out incidence to the waveguide 81 of mixing 8 from one 
optical fiber (for example, 1 1) is explained. First, the cylindrical coordinate system (RthetaZ) which made 
the zero the core of the end face 21 by the side of bundle 2 A is introduced to the waveguide 81 of mixing 8. 
The die length of r and z shaft orientations is set to zO for the radial die length of the waveguide section 81 
of the cylindrical shape-like mixing 8, and the medial axis of the waveguide section 81 of mixing 8 is made 
into the z-axis so that it may illustrate to (B) of drawing 7 , and it is z= 0. System of coordinates are set up 
so that a field may turn into the bundle side edge side 21 . The waveguide section 81 of mixing 8 can be 
expressed as a graphic form of R=r, - pi<=theta<=pi, and 0 <=z<=z0 in these cylinder seat system of 
coordinates. 

[0066] It is the center position (R, theta, Z) of now and an optical fiber 11 = (0 r, 0) The case where carried 
out and signal light carries out incidence in the forward direction of the z-axis from an optical fiber 1 1 is 
explained. z= 0 The include-angle theta dependency of the signal light power in near is (A) of drawing 10. It 
becomes a near form at the appearance illustrated at the near field pattern (NFP;Near Field Pattern) of an 
optical fiber, this distribution property moves, the travelling direction, i.e., z shaft orientation, of light, — 
alike — following — (B) of drawing 10******-- like — theta= 0 the curve of the crest made into the peak — 
drawing ~ coming — soon — (C) of drawing 10****** — small flat distribution of an include-angle theta 
dependency comes to be shown like. 

[0067] By the way, it sets to a cylindrical coordinate system and is [0068]. 

[Equation 8] theta=theta+2mpi — (8) however - pi<=theta<=pi, and m: — the signal light power in 
theta=theta since it is all integers and an include angle theta shows the same point physically — (8) a formula 

— all m of -infinity<m <infinity the signal light power in corresponding theta — the direction of theta — 
respectively — 2mpi [ every ] parallel displacement is carried out, and they are all added. This is applicable 
similarly, after signal light is reflected by the termination side mirror 41 in the location of Z=z0. 

[0069] By taking greatly beyond the value which was able to define zO beforehand here, the signal light 
reflected by the termination side mirror 41 is z= 0. The include-angle theta dependency (inclination) of the 
signal light power when returning becomes small relatively. Namely, (C) of drawing 10 While the 
inclination itself illustrated as a continuous line according like to the include angle theta of the signal light 
power of the include-angle range (- pi<=theta<=pi) becomes small an include angle — signal light power 
[ being out of range (theta<=-pi, pi<=theta) ] is illustrated by the dotted line — since the parallel 
displacement only of 2mpi is carried out and it is added like — synthesized signal light power in the range of 

- pi<=theta<=pi PALL It is equalized. Consequently, variation in the power of the signal light outputted to 
each optical fibers 11-18 can be made small. 

[0070] Here, although signal light made the center position (R, theta, Z) of the optical fiber which carries 
out incidence = (0 r, 0), if the symmetry of an include angle theta is taken into consideration, being general 
(R, theta, Z) and the explanation same also as = (r, thetaO), however - pi<=theta<-pi as above-mentioned 
explanation will be realized in the center position of the optical fiber in which signal light carries out 
incidence. Moreover, in an above-mentioned optical star coupler, the end face 21 formed in the flat surface 
of bundle section 2 A can be equipped with the light reflex means 22. Especially this light reflex means 22 is 
the core section of two or more optical fibers 11-18. 1 la-18a It removes and is core section 81a of the 
waveguide 81 of the mixing section 8 at least. By forming the light reflex side 23 in the contacting whole 
surface Core section 1 la of each optical fibers 1 1-18 - 18a which touch an end face 32 Since the lightwave 
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signal in which it resulted serves as output light from each optical fibers 1 1-18 as it is, branching to each 
output light from an input lightwave signal can constitute dispersion small. Moreover, core parts 1 la- 18a of 
each optical fibers 1 1-18 It is reflected in the reflector 23 of the light reflex means 22, and the lightwave 
signal which reached except is core partial 81a of waveguide 81 again. It spreads. In this way, the multiple 
echo of it is carried out to light reflex means 4A by Hazama of the light reflex means 22 until a lightwave 
signal is outputted from each optical fibers 11-18, and it is not emitted outside other than the output light 
from each optical fibers 11-18. Therefore, optical loss is small and can transmit a lightwave signal 
efficiently. 
[0071] 

[Example 4] In drawing 8 , bundle section 2B of the example of a graphic display arranges an end face 2 1 in 
a rectangle side, and eight optical fibers 1 1-18 are arranged, the waveguide 92 of mixing 9 — at least — the 
core section of the optical fibers 11-18 of bundle section 2B 1 la- 18a Core section 92a of a square pole 
configuration with the rectangle cross section of the dimension included altogether This core section 92a It 
is wrap clad section 92b about a side face (front face except the ends sides 32 and 33). It is constituted and is • 
core section 92a. The light which spreads inside fulfills total reflection conditions, and is clad section 92b. It 
is constituted by the appearance which does not begin to leak. The piece end face 32 of the waveguide 92 of 
mixing 9 is the core section of optical fibers 11-18. 1 la- 18a It is core section 92a about all range. It has been 
arranged so that it may cover, and it is in contact with the end face 21 of bundle section 2B. Moreover, the 
core section of the optical fibers 11-18 of bundle section 2B 1 la- 18a As for the whole surface to remove, the 
bundle side reflector 23 is installed. In the other end side 33 of the waveguide 92 of mixing 9, the 
termination side mirror 41 is installed in the whole surface as light reflex means 4C. 
[0072] Next, the case where signal light carries out incidence to the waveguide 92 of mixing 9 from one 
optical fiber (for example, 1 1) is explained. First, the rectangular coordinate system XYZ which made the 
zero the core of the end face 21 by the side of bundle 2B is introduced to the waveguide 92 of mixing 9. (B) 
of drawing 8 The die length of a and Y shaft orientations is set to b for the die length of X shaft orientations 
of the waveguide 92 of the mixing 9 of a square pole configuration, and the die length of Z shaft orientations 
of the waveguide 92 of mixing 9 is set to zO so that it may illustrate, and it is z= 0. System of coordinates are 
set up so that a field may turn into the bundle side edge side 21 . The waveguide 92 of mixing 9 can be 
expressed in this rectangular coordinate system as a graphic form of -a/2 <=X<=a/2, -b/2 <=Y<=b/2, and 0 
<=Z<=z0. 

[0073] Although the examples of a graphic display of drawing 8 differ in order to make explanation brief, it 
is the center position of an optical fiber 1 1 temporarily now = (X, Y, Z) (0, 0, 0) It carries out and is core 
section 92a of the waveguide 92 of a square pole configuration. The case of being very large is assumed. In 
this condition, the case where signal light carries out incidence in the forward direction of the z-axis from an 
optical fiber 1 1 is considered. In this condition, distribution of signal light power serves as a property 
illustrated as the continuous line of drawing 1 1 . Namely, z= 0 The dependency of X shaft orientations of the 
signal light power in near is (A) of drawing 1 1 . It becomes a near form at the appearance illustrated at the 
near field pattern (NFP;Near Field Pattern) of an optical fiber, this distribution property moves, the 
travelling direction, i.e., z shaft orientation, of light, — alike — following — (B) of drawing 11 ****** — like 

— X= 0 the curve of the crest made into the peak - drawing — coming — soon — (C) of drawing 11 ******- 

- small flat distribution of an X-axis dependency comes to be shown like. 

[0074] On the other hand, the actual waveguide 92 is the core section 92 of waveguide 92, and clad section 
92b to the location (- a/2, a/2) of X shaft orientations. Since there is an interface, the total reflection of signal 
light occurs in this interface. The location of the interface in which signal light carries out total reflection 
since the 2nd page of the interface which carries out total reflection exists in parallel in the waveguide 92 of 
a square pole configuration at the X-axis and a Y-axis, for example, interface [ which intersects 
perpendicularly with the X-axis ] **, is (9). It is expressed with a formula. 
[0075] 

[Equation 9] X=(2m-1) - (a/2) — (9), however m: For all integers, i.e., the signal light power in the actual 
waveguide 92, the signal light illustrated as the continuous line of drawing 1 1 is (9). The location shown by 
the formula is turned up as a fold, and all are added in piles. This is applicable similarly, after signal light is 
reflected by the termination side mirror 41 in the location of Z=z0. 

[0076] By taking greatly beyond the value which was able to define zO beforehand here, the X-axis 
dependency (inclination) of signal light power when the signal light reflected by the termination side mirror 
41 returns to Z= 0 becomes small relatively. Namely, -a/2 <=X<=a/2 It is equalized and synthesized signal 
light power PALL </SUB> in the range can make small variation in the direction of X of the signal light 
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power outputted to each optical fibers 11-18. 

[0077] The content of explanation of X shaft orientations shown above is applicable to Y shaft orientations 
as it is. That is, it is -b/2 <=Y<=b/2 by taking the large die length zO beyond the value which was able to be 
defined beforehand of waveguide 92. Synthesized signal light power in the range PALL It is equalized and 
variation in the direction of Y of the signal light power outputted to each optical fibers 11-18 can be made 
small. 

[0078] As mentioned above, it is the center position (X, Y) of an incident light fiber = (0 0) Although 
carried out - a/2 <=X<=a/2-b/2 <=Y<=b/2 It is arbitration (X, Y) at within the limits. Signal light power 
PALL synthesized although chosen By taking the large die length zO of waveguide 92 to extent which 
becomes flat enough **** (X, Y) = (0 0) The same explanation as a case is realized. Variation in the signal 
light power outputted to optical fibers 11-18 can be made sufficiently small by making it long beyond the 
value which was able to define beforehand the waveguide 92 of the mixing 9 of a square pole configuration 
from the above thing. 

[0079] Drawing 9 is the example of others concerning the example 4 of this invention. Namely, the cross 
section of the shape of a polygon of the waveguides 91, 92, and 93 which make the multiple column of the 
mixing section 9 A triangle, a square, and a hexagon correspond and it is (A) of drawing 9 . Core section 
91a of waveguide 91 The case where the triangle shown as a thick continuous line is made is illustrated, (b) 
of drawing 9 Core section 91a of waveguide 91 The case where a square is made is illustrated and it is (c) of 
drawing 9 . Core section 91a of waveguide 91 The case where a hexagon is made is illustrated. 
[0080] Signal light power synthesized in the cross section of the shape of this polygon by the total reflection 
operation generated in the interface of core section 91a (92a, 93a) and clad section 91b (92b, 93b) PALL It 
is reflected by return considering the location illustrated by the dotted line as a fold, and all are added in 
piles. Signal light power by which the signal light which carried out incidence to the location of arbitration 
by polygon-like within the limits was also synthesized since this fold constituted without the lap here that 
there is no clearance PALL By taking the large die length zO of waveguide 92 to extent which becomes flat 
enough, variation in the signal light power outputted to an optical fiber can be made sufficiently small. 
[008 1 ] Moreover, the configuration where a part of edge corner of these triangles, a square, and a hexagon 
was deleted or rounded off, for example in addition to the triangle, the square, and the hexagon is sufficient 
as the shape of a polygon of the mixing section 9 which makes a multiple column. In this case, it can hold 
down to the variation which is convenient practically by a clearance's occurring into an edge corner 
equivalent part at an above-mentioned fold, and making a clearance equivalent part sufficiently small, 
although the factor of the variation in the signal light power by which the signal light power of this 
clearance part is outputted to an optical fiber is formed. 
[0082] 

[Example 5] Moreover, the light reflex means 4A and 4C arranged in the optical star coupler stated in the 
examples 3 and 4 in the other-end side 33 of the waveguides 81, 91-93 of the mixing sections 8 and 9 are the 
optical diffuse reflection means 4B and 4D. It can have. And these optical diffuse reflection means 4B and 
4D With the above-mentioned examples 1 and 2 having described, the optical diffusion layer 43 which 
becomes a front face from a transparent member with detailed irregularity can be similarly established 
between the other-end side 33 of the mixing sections 8 and 9, and the flat reflector 42 of the termination side 
mirror 41 , and it can form. 

[0083] Moreover, diffuse reflection of a lightwave signal can be performed by forming the optical diffusion 
layer 45 equipped with a reflector with detailed irregularity in a front face as a termination side mirror 41 as 
optical diffuse reflection means 4B and 4D, without establishing a reflector 42 and the optical diffusion 
layer 43 separately. They are the optical diffuse reflection means 4B and 4D further again. It replaces 
preparing in the termination side mirror 41, and they are the optical diffuse reflection means 4B and 4D. The 
optical diffusion layer 45 which equips the other-end side 33 of the mixing sections 8 and 9 with a minute 
concavo-convex side and a minute reflector can be constituted. The same operation and effectiveness as the 
case where the above-mentioned optical diffusion layer 43 is formed also in these cases by the transparent 
member which has detailed irregularity in a front face can be acquired. 

[0084] Moreover, optical diffuse reflection means 4B and 4D The optical diffusion layer 44 which consists 
of a volume hologram can be established and formed between the other-end side 33 of the mixing sections 8 
and 9, and the flat reflector 42 of the termination side mirror 41 . Such a volume mold hologram is obtained 
by irradiating the coherent diffused light and exposing it to sensitization material, such as a photopolymer. 
The hologram which has a desired optical diffusion property by choosing the incident angle to the range of 
the diffusion angle of this diffused light to irradiate, intensity distribution, wavelength, and sensitization 
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material etc. is obtained. 

[0085] By this configuration, they are the optical diffuse reflection means 4B and 4D to the other-end side 
33 of the mixing sections 8 and 9. By having, the die length zO of the waveguide 81 of the cylindrical shape 
with which a cross section makes concentric circular, the waveguides 91 and 92 of the multiple column with 
which a cross section makes the shape of a polygon, and the mixing sections 8 and 9 of 93** can be 
shortened. Moreover, variation in the signal light power outputted to an optical fiber can be made 
sufficiently small. 
[0086] 

[Effect of the Invention] Since an optical diffuse reflection means is formed in the reflector of a termination 
side mirror according to the configuration of this invention as stated above, the intensity distribution of the 
lightwave signal which spreads the mixing section can be equalized. Consequently, even if a location gap of 
some is between each optical fiber of the bundle section, and the mixing section, variation in the branching 
ratio from the input lightwave signal over the output light to each optical fiber can be made small. 
[0087] Moreover, since the lightwave signal which carried out incidence from one optical fiber of the 
bundle sections can carry out the homogeneity of the optical intensity distribution in the end face of the 
bundle section by it being spread in an optical diffusion layer and spreading refractive-index distribution 
pattern waveguide, it can lessen variation in the branching ratio from the input lightwave signal over the 
output light to each optical fiber. Moreover, since the multiple echo of it is carried out in the mixing section 
and the lightwave signal inputted since the light reflex means of a bundle side mirror was formed in the field 
which the bundle section and the mixing section join the whole surface other than the core part of the optical 
fiber of the bundle section is not emitted outside in any forms other than output light until it serves as output 
light, its loss is small, and a lightwave signal can be transmitted efficiently. 

[0088] Moreover, variation in the output light to an optical fiber can be made small by making it longer than 
the die length which was able to define this waveguide die length beforehand by making waveguide of 
mixing into the shape of a cylindrical shape, and a multiple column configuration. Consequently, without 
spoiling the utilization space effectiveness of an optical fiber and the mixing section, the lightwave signal by 
which incidence was carried out to the mixing section from the optical fiber can be branched and combined 
efficiently, and the optical star coupler which makes reinforcement of a lightwave signal homogeneity can 
be offered. 

[Translation done.] 
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JSU, K/v^2©SB21©-gp{cffM£*ifc 

3tRW#S22«, r^-f-+-#5 7 -d9) or 

+ -S»#£:frLT#3t77'l''<ll~lE©='7gfS lla~lE 
a 75>ib©}fc{f-5§-6a,6b 4-§df->y^g|5 3lCAW^iir5o 
"£:LT, 3fc7 7-l'^<12^b5= 3 E-->V7*gS3|CAWUfc)t 
jf^6a,6b 14, 5WE42T-5WL, «E21W^B(-I5IJ 
HfdteftL, %7 7 4 ^U-lKK^rn lla~lEa I- 
At*Lfc3fcft-«§-6a,6b (4-t©t*ffl7J$^S„ 7 7 7 K 
SB llb~lEb *Wl^filt»$H0~©3W*ttE«ffi23fc 
5#tE424-C'SW^H«9SU-Cffl^$^5. i©t*, 



(3) 

®a*-eft!i©3t7 7 ^ii~iei^ei-s r 4 ^r-f 

OffiB2l±t^ff^i-SA\ fcSWi, ^->^3 0 
«SE32±^^$tl<5. 
[0 0 0 8] ±i£©n?$©3fc7?-#7°7ti:S*->y7' 

Alt LfcftflT -5§-6a, 6b ji5g^g42T-KltL4S3B21©^ 

tf, 5*-»^»3©»»iS3l©'ti*»»K:AltLfc5t 
io 14, S»»»3l©«iai«5^-C©3t3ME5)*** / >*<» 

^!S]iS31©jaagp^(cAltLfc3ttt, g&8&31© 
**$#T-©3t"&£#tf;4*'>ft< ftSffilW&So 013 
fc*WB*©-««:BI*i-5. 

[0 0 0 9] [""|13|;i*3l^-C, H13©(A) li±iE©3t7* 
-*^5W*7r'f^ll~17-C*|j*$lxfct#©*l«ia 
£^L, H13©(B),(D) \t.^(0%7,^-ii7^y<D^y K 
/vg*5 2 ©3t7 7 -f /<ll~17©Eai^^ Ell3©(C) , 
(E) tt*ttK3taMC»*«r, i^tt(i»fiSS31©ABi»±© 
teSSr^U 013© (0 fc*<k<£H£BB«£*i33fc7 7 

20 /n7*» bmimsttz.%tf aw ufc 4 # ©#»£#*# 
ttiasr. ei3©(e) ^iafitatcEflisixs3t77'r^ 

ll*»Ci»ft»3lfcJfc*AJt Lfc 4 # ©*»«^*««fe0 
^-To a»«B31©t>*»^©3t7 7'f>'M7A>e>A«L 
fc»4, *«iS31©«t>*»»Tf3fe»S»***# < , « 
agi5^T*'>^<^So *»K31©«jZ295^, 

3t77-<^ll^e>AWtfc3ttt. *»»31fcA 
lti-53t77^^11~16#S>5l^.ij.R^©«f^©gi5^-e 
3t5ME»*#*# < > 1>*»»-C©*5ME»**'>4 < 
<C5«|S1**>5. v^ti©#^{-t, 3677^^11^17 
30 !i»feta**lx63t3ME*^?y^WB3i'!li5. 

[ooio] H6Htr©*/iiB]«*afe»^-afcftta* 

^•i'y^W 3 ©«f*«»K3t7 7'f ftfc!5t- 
i ©gB{i(cSWE23^ S R ^ $ 7 -24>4SgBS $ 
V^jSf&S. BP*), 3fe77^^H~18©*gBi4 s R^Sr 
fti" i 5 t^T/^ b'MkLtcmm<D%,7 7 4;<n~~ 

ll~18^-g-$^TVS $* f S>tfU 3 ©-*©«SB32 
40 ©3t77'1'^ll~18©rt«|gB^(4R^^ 7-24*5^ 

Sh, 5*->v^gC3©ftiliS833(cSWB42lr<ix: 
5J»*S«5 7-4i^jg^*ix-CV^5. i:t-, ««Jxtf3t 

7 7 -Y '<12?5» e,©3fe{f -*§■«:, 5 = 3 r-»'7*Sp 3 ©^SK31 
©+S:»«!L&#e,e»L, «!4fflfiiJ5 7-41T'Rlt$ 
il, Htf5*5/>'^ r »3©i»»»31©1»Srfijf LT*7 
7^^11~18fl|{ifc4*So riX*#3t77'l'^ll~18© 
=>T|fi5^ lla~18a tCjf Ufc3ttttH*$tt, 4fc, R« 
5 9-24|c»Lfc3tttKWSJx-CSt5S*^V^»2© 

so [0011] 



1tBi¥ 9- 184941 



5 

#Ht. JS-K-r6rt#-C#*v\ lot, *7r-f'< 

[0 0 12] rfiSrfciHLT, #*7r>r'<fc£ft£ft 

5#tMMMlSiVC^5. £©«4**ja©»£-tt, *fll 
r-f^tS^^^fc ottH**i*r+»K/h £ < t 4 
[0 0 13] Sfcfc, #3t7r^^i:R^5 

i:*e*T* # v \fc fc 4 0 , r ii P> ©iS£©fc * K 
3t«*©fUffl»*;MST1-S 5 HW#*>6. 
[0 0 14] #389!tt±?E©j6fc;W^*T4£*ifc'fe 
©•e*>0, *©Ittf±*WBUfclMI**ftU-C, 3t7r 

tt-Hf^-U ^«#©3SSSr^-l-i-55tx^-*7 e 7 

[0 0 15] 

[^Jg£*?fc-f-afc*©¥&] ±!EBl$£jfJ&-fafc# 

<J>4< 4fc&S©3fc7r^'<©=7ft£?S5JE£«:fli;t 
©SBfcE«3;h,a*&1ftKlt3«i. £t!x.ai>©t 

■fa. 

[0 0 16] *>*>5flldiicj:!) % 3fe7r^^?)^v' 
v^gBfcAJW Lfcftli 5 *'>V^»©te*©»Bt 

5. r©fti£1RE#tfM!fcJ:9, Elt3tefi^fc£*e>*i 
fc»*»tt-CitftSl*Sii5©-C» f£*ftHSIi:*5tta/< 
y K^SC©3t7 r -f '<a 1 ib Alt LT 5 3- S'V^ffiSrfc* 

4 5 <t « 5 IBMtt. IMS* 5 5 -T©i£1RR#fc: i 9 *9 

-fls-ra a. j:ot/<yhvnsio#3t7r^ 

^fc5*^^SSfc©ffltfl:«-fix**)o-C'b#3t7r 
-f /^©*flr*©»ttJt©tffeo#*r/h*<i-6r. i# 

T-#a„ 

[0 0 17] Sfc, «*©*7r-f/<©>i«ft3lCiaTH 



(4) 

m^v K^«©spBfc»**jxfc*iffiK:a«u. '>4 

< t t«m©)t7 W<©=«T»*H 5 SrHxa* 
5 ^i-f^i:, § *i/v^»©«*©*l 

aam&flWi-ra *>©*-*-*. 

[00 18] ifc, $df->y^g|5©»)SK©2o©«B 
©MPBtt, -*©*Sffi^©A*t*©A»*lSltl£:i:-C» 

tt*©«8ffi*>fe©w»*©a»ttii^4a-»ttfeKi-a 

©*7r-T ^*»6>©3tfit#tt, JB*f*^*S»«»KA 
a*J£«JBt»fa. 

It Lfc3t 7 r -T '<#ER $ ixfcfig t AltTjfr 4 T*£ £ 

affi*te»*iflife*it«atA*H-5. * 

20 fiSL, ^VK^*»LTV^afflJf*^*S!i»SEK© 

SB^a-ra. ttttsatstifc*^:' KA*©a*f* 
»*§i*«»©j8ffiKaai-affiiitt. ttttEWstui 
*f*»*a*«»KA«i-5#* ©Ait*ftK*tJfc ufc 

fcioT'O- K^»©ffl»f*»*a»j8«»i«1-5*Bffi 
?©#«*©!M^*«:J:*>i$-<bf5£i#-e#, Ms 
-fc»*i-ar©*flr#**#*7r'f^©AW3t4 4 

[0 0 19] S*:XV^<DigS&©Pf5]PI£\ ~ 

30 #©*Sffi^©A**#©A*+;frl6jfclS C-C«fcfr©JBffi*» b 
©Ult3t©aW(fl:*^*5^fel-1-aitfcJ:9» ft 
*Bffll§7-*>e>©t>if93tS:ia:***» 3f3£©ttHrt© 

*> e. a Ait* ipi -ea *r*»*ai»*B t Ait s *n 

tf, /<vKA'»©#M£7r^><©»ffi#£*;ftaiK*rt 

©*>6*aw»«fc*ttt»R*t*s:e»-*-a i t #-c* 
a„ *it»s»*a^i£»R*ti-a3t©*ifiifc#L-cMj 
-4&g#*-r ai#ra. hvwss©s>?>^affi«ii 

*S-43fi«»*©*S:e»$*5 r. t#-c* a. 
[0 0 2 0] *fc, «*©*77*'<©tfW*R1W* 

4. -*©iSB*5/<y hVKB©JFffiK»«Shfc*SBt 
'>4< ttP3tSttK:E«Siia«»c©*7r-f 
^©3T»4r«5l£$«:{i*. KfB^H^R^Sr4-rR 
1BfJg©*»»*>64a5*i'>'^t, 5^^>-^gp© 

ftfe*©ffiBCBa«$^ajtsit#at, ^{i^atwi 
•ra„ 

[00 2 1] *»*»5*rtl!:J:«3» »fffi#iaii£>nttftft+ 
n«»©*»»©*S*r^»e»6iifcft* J: 9ft< f 
arilwj;!?, tt«©*7r'f/<!9»?>nil»BW»»fcA 
so lt-rajfc«, 3t7r^^©BBP»(NA)^S<J<3t©i£^ 
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7 

So 

[0 0 2 2] «$c©ft7 7^©tfffi£#3flim 

^©^rg^s? mmt^w^tat 
[0023] frfrzmm^x. *) , mm^^m^tti- 

£#tt©*»ii§©* £ £^*9t* 5> tLfcfi £ 4 "9 g < 

«»fcA»i-53fctt, *7r^^©HP«(NA)fcaw< 
9 K J: D . £A#«*fc1-pmjg©i»«»Jiffl 
T-Elt^ix, 9t7 7^W9M99tte#£9T2rt©4g$T© 
j£#tt©'>4v\)fc^7-£#5 r i 5» 
[0 0 2 4] 5*^V^»Oflt*©*ffiKB«S 

i£85^, »B#£A«fcR**1-#Att©*«l&» 05* 
^^©ft $ £&< 1"5 - t jjs-et So 
[0 0 2 5] /<v K^»©¥ffifcig)fc3;fcfc*8BS 

[0026] tut, itm&m^mt. 5*->y^gu© 

tfc5*f¥fU4, 5*^^©tt#©*ffii:IMIHI5? 
-©spffl/iKWB t WimciMI* n ^7 fefc 53tl£ 

[0 0 2 7] Sfc. 9fc&»£#t¥J£f4, 1fttfHM3 y-K 

(4, $^-->^^SB©^©4gBI-ffi([/h^Dfl£iBi. Sit 
Bi, *«;t$::i:feS6. 

[0 0 2 8] frfrZ>mmz.£<9 , «77^/%37l; 
Alt L**»o fc)tft^f4/< y K/H83tSSt#a-C5» $ 



(5) 

[0 0 2 9] 

©9t^^-*7°7©«^l2l. 12 2(45 ^V/SB©^ 

gtUStl&fciattS A»# • ffiWft©#ffl2, 12 7 I4#3)§ 
mzX.Zm&®\3. 5 ©#**-# 7*7 ©*$I2, 128 
(4*^HJ|w<t5^1iS^J4, 5©)fe^^-*7°5©«^ 
12, H9ttWffl##a##«rfc-TO«l&©IMJia» 1210 
'o I4*!60J 3 lc £ SftT. * -# 77 ©fa •?-#*© 
3Eft«r»W-t-S»WH. Hlltt**«l 4 1 4 * - 

l2ttJWB;4S#fl»tt*fc+*»*»I&©RWH. T'fc 
19, 15, [2 6, Hl3fc»rt?i-5ISI-««a«fcf4BIt 

[0 0 3 0] *^03t^?-*/7l:J;5aoIi 
(4, g*T£a-<5 3 o©Jg«K*9J-*-5 r t ^T*# S. 
IP*), 3t^^-*7 B 7(4 ; 

(1) gsm, 2\zMfci^ %*-y>ytoim&mv» 
20 m&®T-mi$.tsti, $*->y^a5©ffi©4SB(C7tttt5:s 

(2) sums. 5ir*fjcsu s^'^^w^mw^tt© 

D , 5**v^«©te©iBBfc3teRtt#Ik* 
fcl43fcffimS»¥^*«X.T«5Slfig 

(3) 5fc*tJ*U S*S/>^»*«*AJ»RO 

tmmmK^m &m % tt % m®. 

BIT, *©3ooSIJfi}gffiS:lftW+S. 
30 [00 3 1] (1) ; 01 t*5V>T> 3t^^-*7*?»4, 
&&©3fc7r^<ll~lE©K-$£JfcfcT@£U r©« 
B21^¥B(-JfMLfc^^ Y>\>%2 i, -^©«gB32*S 
^> K/^2©5pE^fi£*ixfc4ffiB21tSSL, 
<tt, fi*©3t77'('^ll~lE©aTSS lla~lEa S: 
fi 5 J£ $ S*»K3l^ 6 4 5 5 ^35 3 t , 
5 * 3 ©fi*©SE33lcE«^H59tfe»Slt 

[0032] *»j4»5«iriiiwi3v^r, ftyyJ* 

%*>sV>f%-3 > (CAW LfcTfeff #6a, 6b 14? *i/ 

40 v^»3 0ffi*©iBB33tEfl|*ix53t*6«:SW#a4 

*ffl#*sSB32, 33 fc Wft»ffi-C©T*9-4SME»* 
•f-5IW«tt. *&«R»¥©4-e©&»Sltl-4 l 9 5W 

SB 2 Itfc ^5*©^S^f4iaf^-t 4 >9 , ^ V tow 
S5 2©#9t7r-l'^ll~lEt $*->yi/gi53 ir©p^©ji 

a-fixfc^fcfc-f, «-)t7T'r/<ii~iE--©3t^©^ 
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[0 0 3 3] (2) ; 07U:*i^-C, ft**-:* 7*9 14, 

©ig®32#^ > K/1-952A© ¥B IcBfc £ tiy5:4SS2 1 lc ^ 
8EU '>4<ifc, ±fERfWC:EB$tv5m$:©}fc7 
7fV<ll~18©3795 Ua~18a &g 5 J££ 

^'95 8 i:, $ *^v^958©ffi;fr©SB33(;:g2«£;H5 

[0 0 3 4] ^?>^ICfeV>T, ffimtmbPlftZte 

9ft<-f5r ttc«t t>, ffit©}t7 7-lV i; (11~18) t5> 

*(na) irs^< *©i£a J o k i 9 , n-frntttfti-RH 

j£©>g&S§81©Jiffl (379581a i^yyKSWlb , *5 
J:tf379581a t ^ 7 y KSU81c ©#E) ft, 
l^-frR ©<£'£>*& ZK*f LTRJS3r|p]©ag 6 K «fc S&ff 

[0 0 3 5] (3) ; 08 1^*3 V>-C, 7*7(4, 
a*©*77-f ^ll~180Jt«S:^»*tl-EB • @5£ 
Lw©SSB2l£¥BfcJlMLfc^l' hVW9$2B£, -#© 
«8ffl32*/^Kyi'»2B©¥ffiC»J«*ixfc*SB2itSS5 

11~18©3795 lla~18a £g 3J££ Srfflx., »fS* s # 

tt©fltt©*«l&92. BAT, B8?tt3H8»92*ft*«l 

^»9©^©«B32fcEfl|$ft$ftE*t#II:4et, £ 
fifxTt8$$ft3, 

[0 0 3 6] a»a»5*WifcJ:0, HriBa«#ft»R*r4i- 
*fttt©*»K92©ftS z *^iMe©fcftfc*3*0J; 9 

». ^ft»*4ftu ttjeonrntifr dsuww-s 

r t J: 9 -*5E¥ffi±fclKIII* < lofi 0 4 < »M 

ty#5»ttii-s. -.©»*, ftto*77-f/< (n~ 

18) *>6#ft«©ilH6K92KA»-r**H:. *7r-f'< 
©Mp&(na) (cS<5< #©&# 5 1 J: o , #A)»R«rft 
1"Rfi^©8l&Sg92©Jiffl (3 79592a t9yy K9S92 
b ©#B) -CKStSft, 3t7 7l'^ll~18^©M l 9 3t(4 

[0 0 3 7] 

[Mkfll] 0 2tt5*-»^»3©*«K31©JBSf* 
«H4Sr*U EAT, «««li:LT, HI 2 © (A) 

9531a «r^-5*^*-*7 , ?*RWi-S. *fi£&3l© 
37SB31a Oflfffntt*?? K»31b <OJB*f*J: 5i« 



if 

6a, 6b ©£*(43 79531a t 9 5 5* K953lb ©i#IK*© 
[0 0 3 8] BlfcjSV^t, /<VK^fS12f4, 3t77^ 

*\\frh%y 7 4 *\it.x {mx-y&fty 7 << ™frt>% 

7 7-f^lE4t?H:##*W**i") ©14*©3t7 7'f^ 

K^95 2©ft7 7^ni~lE£3£fcfc95#J: 0 fc7<#fc 
»B©379531a *J*oiKKK31, flSRff, AH©#7 
10 7'T'<3ia»P>ft9, -t©-^©SB32^l4/<y K/W952 
©#3t7 7-T^ll~lE©jgB21tft-f 5 <fc 5 t-ES^ft 

B42«r#i-SH«fll5 7-41t, i©R»ffi42©*ffifll 
KftteftS (43, 44, 45©V^-fttA\ ^E^Lft^i 
#I443-Cft«i-S) iWl&ZtlX^Z. SfcfB42f45* 

3 ©^SK31©fflB33^3tia:t5:l43Sr^ UT» 
-fSJ^i-Eg^ftT^So r©J; 5 43tt£«l43tt, 

«BI-ttiW4Dfli!!iSr«foaWft«lWt J: OK 

20 [0 0 3 9] /<^K/WSB2tt, Jfcfefc}fe7 7'l''<ll~lE 
©Mfc««»**»L"CH*U 5^->v^95 3i:8-r 
5fiiJ£, {JIRtf, fflJgLT¥ffi4B£ffM-f So rroB 
©±!^»4, #7t77'l'^ <! ll~lECD3ra5^ lla~lEa 
(Hi ©(B) T*i4=>795^12a£l^©S^(4ia^€BS) 
^l^^, 5t7 7'f^ll~lE©^7S' K95 Ub~lEb *5i 

VWESSPloro^BSra 5 <t b \^y^s*fxmm*tt 
3tK»¥S22 (S*tB23) *5^$HTV^. r»)tR 
9t#S22tt, ^Jx.(4, /<y K/wg»2©igB21l^*Lfc 
*#My* h i/V* hSr#*77-r^ll~lE*»5>©HHt 
30 3tT»3fc, SlftLT#3t77'r^©3T»^ Ua~lEa 

K, ^*»-<t 9 r©/OK/H352©4SB21I^JR^© 
*S(C#^77^^11~1E© = 7955> 
lla~lEa *SgLTV^fc7* f> U^^. hSrfi|SI1"-5w 

[0 0 4 0] K/W952©V^^>©)t7 7-r^ (0!l 
12) ^e>©A^3t6a,6b tt, $ df-->Vi/95 3 
WU-C^SSS31© 3 79531a ^fiSI U W 

ffi33K*Lfc3ttt1RRW#a4 (3tfi£«feJS43) T?J£«C$ 
40 Jt, ttV^TSWB42T?S»S*l, SV3t*t»l43-ett«E 
«ffi?S31© = 79531a $reSLT<SB32IClit-r 

— e*ofc*«IS3lrt©*«#©5ia»*l4, Jtffiias 
W#S4 lc*Jit5l£»S«KJ: fk$ix, «®32T- 

mnm-te%z&frmmbtiz>o fct, «B32(c» 

i-S#3fe77l'^ll~lE©379511a ~lEa KSofcft 
©^(4, me>3795lla ~lEa ^*«31©379i 
31a ^^(i^tti^^^PS 1 ?, =795 lla~lEa ©jiBt 

bo Jt77-r^ll~lE^b©ttl^)tir45©T*, A^3t«^ 
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(7) 



i^r-#-5, *fc, #3fe7r'f '<ll~lE©="7a5# 11a 
~lEa fiUM-SI* UfcJfefflT *tt#K«^&22©Kltffi23 
-eRW^n, fftfi(MM&31©3 7«#31a tfijfrfa. 
r^Lt, ftfa#6a,6b f±, #3t7r-T^ll~lE^e>tH 

ssM^n, #3t7r-T^ni~iE^p)«)m^^^{^ 
ft ^*%>m& < ear * r & #-e# s„ 

[0 04 1] Hlta*Sii5«K, K*fB42i 

3t*£tWB43 fc £SiJ»c!3:tt 5 £. fc ft < , ftffifcS»#4§: 
4 i Lr*ffiK:«ai!cl!ni!!iSr«foS»B5SriBA53ttt«k 
S45£*#«fl]5 7-41 i LT»J*i-5r tT»*flr#©l£ 

S4 Sr»*B«5 ?-4lt«lt5 r. i CftfccT, ftfeffc 
WM^tkA tt, $ *->y^»3©<fc*ro«8B33t|S/hft 
OflfiB i Sit® k&1MZZ ftffi»S45£«f£1-S :W 

[0 0 4 2] *fc, fti£fifcRJft¥IS:4l4, 5*->y^S5 
3 ©ffc;!j©4gB33 fc *«aft $ y -41 ©¥fflftK*f®42 1 
C0P B 1(^a*n^ 7 A^P,ft53tMS44^(tTfl : M 

£©©E> ttft, $ft#~©A«3fti:*£jI 

£r fc T*0fa©**fc1WI*tt*:#o* n ^y^imbti 
5. 

[0 0 4 3] 

[SHIfl2] Hli0il2©3t^^-*7'7©*^tt, 5* 
•»:/a5 3©*&?§31©B9f*#tt?r^# % Hl£Ha< 
£il5HtS#] 1 ©ft* *-#:/7©1»$ Pi C-CfcSo 
i©S:=¥-»^gi5 3©*Sg§31©aST^#ttl4< H2© 
(B) KH^$n5«f'6SlJ»H^Jffl*f*^»V^BJf*»* 
SHWtSrWi-Stro-efeS. SIT, WS»3i#JB*r*# 

[0 0 4 4] BlltefeV^C, '<VK/HS2H:l4#©ft:7 
r^^ll~iEAS*la?)ix-C^$^So hVWgB2 © 
£ft77«4V <! ll~lE©iffiB2H;:f4, <t>.fcSlS#«i?JBflf# 
***v*Jnffi*#*i!*»l&3i©-#©»ffi32#8tf-4 4 
5KE«£ft5,, 7-41ttTOft5ltB42Sr* 
U Sl ; fB42l4atff*^*S^8S31©4gB33iCftffim 

*ffl*&K3l i^-TS^ v KA'SK 2 ©»E2lfctt, * 
r2 = rl • cos(a* z) + {a 

a 2 =— rl • n o • a • sin(a • 
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* KA'852©£ft77'(''<ll~lE©=J7jSB# Ha~lEa £ 
ffe^-ftfiyyFU Hb~lEb t, fc-ft^r-f^U—lE© 
IWBUBlOt, ©£B££5 4 5 fc'O' KAHBfcftRW* 
1522 (5WB23) iW&ZtiZ. 
[0 0 4 5] rr-cfflv^fcii<5JB*r*»«ffl»Bai3io 
B*f*l±, IWftl83io«f»if«i«)*b5fcllI(f!at»-C*o 

5t©i-T5o r©±5**ft»31* (l)^T*^$tv5 
»-f5ftliQ J4. ^S§31©AWig^AW^©$Pfsi(>i 
[0 0 4 6] 

[ftl] n (r) =no • sech(a • r) ••• (1) 
r ZX\ 4 3 <k*U:©ffltlT45£no, fy-btofrbEM r ©JS 
*r*«rn(r),JH«f*»*3t**a fc-fS. fi#T^ 
(2)*T«*il5|l|«f*»*«»ttt*-r5»* 

A$t# ©MsiKftfr 6-f A««B32*> b ffl»igB33 £ T- 
[0 0 4 7] 

[ft 2] n(r) =n 0 [l+(a-r)2 } "1/2 - (2) 

(i) sti (2)iSii, v^iiita'riro^ftliLfc 

it. (a • r)4 y±©i85iSk©^«ffiT-# S t # f4, 

(3) a-cififi-e* 4. 

[0 0 4 8] 

[ft 3] n(r) =n 0 {l-(a-r)2 /2} - (3) 
30 «ct, *«rK31©n*f*^f<ftt*>b»*l»ttt^* 
U (a-r)4 £t±©**©»iS*aT# 5 t # (4, «ft 
»31©;U*«B32a»&a»JBffi33*T?©3te»fttt, -© 
*«K3lSrfi*H"4 if© 4 5 ftft^lC^LT t Bff-S 
ift5» 

[0 0 4 9] $f>!^, 04fcBjj*1-5«fc5K:. JB#f*» 
(3)S:T-^$nS*K^31rt^€^i-5p< y ^-t- 
^ftH©«iJ» (i4fTT*I^) (4. AW«B32ifflW 
JSB33©fflH. BPt>. ^iSSS31©fi^?rz, AWSB32 
■e©«i»©ffiBSrrl, A»*ffi32T*©7tH©AW^5:a 
io 1, tBW4SB33-C©ftiH©<4a^r2, ffiWffiB33t?©ft«| 
©t±lW^Sra2 i-fSt, r^P>©/N°7^-^W(-l4 

(4) ^{Cgi^^fo^o 
[0 0 5 0] 
Ift4] 



1 / (n o • a)} • sin(a 
z ) a 1 • cos(a • z ) 



(4) 



z = */(2a)T-foSt£l4, (4) SC«t!)A«3ti: =o ffl»3t©Hff«(5) S:T'^$H5o 
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[0 0 5 1] 

r2 = a\ / (n. • a) , 
a 2 = -rl • n 0 • a 

iot, (5) ^s^Sfrstttt, r©>»2£SS3i©A#t 
*SE32©-j(£(rl)*ffl5ft«f4. ^©AtJ^l (ol)Cft 
fftfTI-ft»i£®33T*li-£©ffl»# (a2)«r«pfc. * 
fc, *©WI*ttB(r2)H:Alttl (ol)»iJSCT^1-5 

*>, «£&31©g£f±7r/(2a)i: LTifc5©T\ 

±$©(5) *T?«**v<5Alt3iei:a*t3t©BM(5^*fi:t- 

[0 0 5 2] *fc, *»WOSat«|2-CfflV^53ttt*S 

* 5 *tt1Rl 44 1 KWB42 Srfll A 5 KtiHRI $7-41 

fc i> f>*^ $ its. #* ©*t>h* o ^Auaeiiig 

*©Aftft©&mi7*7s/:/&#iPf 
If ft, (6) ttS, 
[0 0 5 3] 

1*6:6] Kd =«i +fl - (6) 
^ h/w-e, *©#fali*fteft*a^7.fc.~©A&3te 

p i LT 2 n/pffc5, lot, £*©;ftn^7.M- 

|6]ilsI«f*|Slt©ia^-tir^lStll3^i-5„ ZZX'lt 

7*7 y f&Wfrh Iff tilt AW*tt» t A/ iflltfr $ tvf 

[0054] r©±5fc«#Six5*itttE*t¥a4~ 
©AMftli, 3fciim/l44ft©»/J>*n^7^£]iftiii® 

#f£ft3„ #*©«/h*n^7A*»f,©|HlSfJtl±^t 
L-CAW3t^^m^-&y u c3tt^oT**2:»ii44^P>fflW 
£ft5„ **tWB44^0Alt*|S]^ft*5A»3ttt, t 
o*l6lfcit)£:-*-59J©l»/h*n^7A-C0Sf*ii5 o 
[0 0 5 5] rrtfVMbW 3fc&f5:S44fi , 
j?r£©:8a©®[lft©A#t?J fa ir BtFr^fa t ©fc ?> ^5 
5M*n^7A#, i*©3fi#|6]©ifa 
&*fc*t UT t R tW^tftS <fc 5 l^-C^tiT^ 
5. 8toT, r©)tt£ti[®44(-±ai©0fS©Aa<}; , 9/h 

*b*5*i«iit*Si-fctt»+Sit^-e#5. rr-e. 



(8) 

' * [»5] 

(5) 

ft fcKJxfc #7 7 ** & ffllt Ljfcft#ftt£1ftJB44|cai 
Lfct#©A»«©At$^tiS1-S. 
[0 0 5 6] r©i 5fr1t$©3fc**-#7°7l±, 

©0^«&Lfcv^^»©3t77'T>'^ (#!lx:lfl2) 
•0 A<H1-5^f-f§-6a~6 g i4, HW#*?S*fl£S&3i©ffii® 

32*»e>AltLTffltf3*v4)»*&e*U *SB33tSSLfc 
*i£m«44 Icjij jt-T 5. B*f *#«#&Ib3 l-Cttft I- 

BtWUt (5)-*©Hf*a*j*aL-o*5©-<\ r©t#© 

*B33!i»6OW»*K0, apt, ftfcWf44^©AW:frft 
14 . JB*f *^*ffl*«E»31 © * 3tfll #6a~6g£r 
fflJ»Lfc*7r-f^l2©3r»»(12a) *V<Z>EM<xl) 
(CjSi:-C-S©ffillrt©*|6] (a2)t*5. BP*>, 113 
©(A) t*5V>T, rr-Ctt, 3t<f-§-6a~6gl43t7 7-<^< 
12©=>7gIS#12a ©l^P>3t77'T^12©ffiPaNAT* 
20 ££53gT-fflt*Lfc)£©^£^LT^5©-C\ r©3t 
**B533a>e>ffl»i-5fflW*^B:-5e©*lRlo2 ifco 
T*$ft3o i©3tffi«i:l44^©AW3tli> 3tft£icS44 

$ft3. r©£fr£©S*li, /<^K*i2»*7T-f'< 
n~iE©rt, ®iff*^*S!*!S!S3i©*^W^e>©ftt 
»Lfc* 7 7 f W W LfcJtiJS Jfelt»«44K* t fc 

[0 0 5 7] ftmkmufrhnffltLfttt.. H3-CI1I1* 

so J£fr£*VC, H3©(B) -C-|2^:£ft5S8E33© a~g © 

*ta[tttttjffliif*»*a»«K3ifcAi«-s. w©a 

tt*(6](i, 7tte»S44T*|!E^$itfc±fefi(f «©««©© 

Hrti^-i^*1-6 0 r©AW7tl^ML.rt (5)5C© 
M#7)5^i9i£*), A^o, «B33-©A*t^©ftAttl4B 
«f*»*S!W»K31©+»£i.«iA>bft't>ia< l^&S^v K 
;w8|52©3t77'l'^©fttt(c*fl£:t'CV>'5©-e, IP 
»*a*«»3l4re#Lfc3fc7a~7gH:. «S33^©AW 
*lRl*IS]-*«B^tt©*lfilt#i£:-*-SSffi32±© 1 

85321^-r S#3fe7 7 -Y ^^11~1E© 3 7SB#1 la ~lEa 
{-Piai-57t©34iftfiV^-fJx©#3fc7 7 4'^ll~lETt 
HCI^t), rft^W^TgBft- lla~lEa tAWbfcJt 

^-t©**#7t77-r^ll~lE^e>©W^3ti:*5© 

[0 0 5 8] ^5,1^, 4gffi32ICiiiLT#)t7 7-1*^11- 
50 lE^P>fflW$*T,/i^3t©SB^tt, hVW2<B!l©3tSlt 
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¥&22 (KWE22) K ti s WVmft&MfiM 

[0 0 5 9] /<VK^aS2tt, fiSltlis W&ltftyyf 
/<ll~lE©Wfc*Wfl«ra* • H£U ? *'/y^3 

SgE2Hrft*Lfc^^/S7* h l'^ hSr#3t77'C^ 

#lla ~lEa ©*&»«L,fc&» IfWOiiO^K 
A'(BJ2 0*BB2ifcAKDWs©RititSr»dlU. ft*(r# 
ft^-f^HMEC^SltfHla ~lEa fc&SLT^fc 

[0060] JB9r*&fta*&&3ii*. 

< %M.X#y LW Vn-«^ *V 

[006 1] Jtffi*l44**-f«/h*n^5AOft^# 

gffci LTffiftSttTtfo^Ai&S©-?, r©#n 
?7M.<D7yy f&ft&ffitz-rA&lttb @#t#; £©*!#. 

i©*n^ 7 A£g3tLfc2o©#;3fc©jj£#. 

©tefflrt-C^-iCi-Htf, *r©a£ftHl*}©2o©;fr|6) 
S:if©J:5fcll***3*fc»*-C»t, ^©2#|6j©3tJti 
*Jo<5TSM*ttl5Ii:*#*-C3t«aEilS*i5©-C, ± 

[0062] II l £ H 3 tc:^ L/tHSflir-ii, Bt>T$# 

*S*SI&31©ft£z«:*/(2a)iUfc!»*. rttiisjc 
JB*f*»*«:to*«»-C»Ht, ftSzri* (7)£T'££tt 
5»*, *©-#©MB^©AW#©A*M4Wcj&i;T 

-C*t£©T\ (7)i«©ft*zOJffl*f*^*fflW«K3lS: 

[0 0 6 3] 

[ft 7] z=(2N+l) • «/(2a) - (7) 
fcfc'U NI4E©Sft, 



75 

So 

[0 0 6 4] 

[HH^J3] H7K*5V>T, K^aJ2Att, 8*©3t 
7r'f^ll~l8*s*SB2l±fcnfflttli»ArE«Sit 
5 0 $*'»i/8©*^8S81(4, '>/<C<tt, 
|»2A©)t7r'('^ll~18©3rSi5 lla~18a 

*#-f5RfSi^©*StK8i©3res8ia t, r© = T 

$81a ©PHWIB (P)€B32, 33£B&<*B) SrS5^7 
yK«81b,81c J:94MK£Jt. =>7&81a rt$reffi1"5 
3fett£K*MtfF*:»fc U K«81b,81c Khtltz 

?§81© / lT-*ffiB32li > 3t77-T^ll~18©3T^ Ua~18 
a ©1-^T©^ffl^RfB^©^iS»S8l©37la58la tf* 
S 5 <t 5 KM 3 ft, /<V K/^2A©4gB2l t» I/O* 
5. *fc, /^V K^gi52A©5t7 7l'^ll~18©=iTgi5 1 
la~18a *g*<£Btt, '<VhVH«Kl*ffi23iWRIlSft 
TV^o 5=Jf-»^8©i»&8§81©fliliffiB33lC|i, JfcS 
*f¥S4Ai UT^ffifcllMHttS 7-41tfHS>U£tlX^ 

5o 

[0 0 6 5] (09xtf, 11) 75> 

eft 5 8 ©s»KSS81lCAW Lfc«£«rK 

W-t5„ 5fc?\ S^^SwaftiKS&SlKttl/r, /<> 
FJWMnWWWptotm&b LfcRfSMtg^ (Re 
Z) mMrZo H70(B)CB*1-5«K, R«»tt 
©5^^y^8©^SSla581©, *N6#|6l©*S*r, 
zHi#ft©;B:££zOi: U $ *fy:/8 ©^jRS§Sl581© 
qtM&zffikU z=0 ©Bri 5 ^ K;MW4SE2l£ft.5 

r©Rfl!J^^jrt3V>T > R=r, - tc ^ 0 S tc . 0 

[0 0 6 6] )t7 7l'-' <; ll©^'CMiB?r. (R, 0, 
Z) =(r,0.0) t LT, Jt77-f^ll*»e> ztt©iE*|P] 
Kflrfl-3t^7d»Lfc»*fcoV^TKWi-5. z =0 ©i£ 

^■e©M-§-^!7-©^geft#tt(i, 010© (a) (cm 

(NFPlNear Field Pattern) {CjfiV^t/ < c5 0 i©^*# 

E10©(B) lc@^i-J; 5 1 6 =0 ^f-^iLfcOi 
49©ft««r»< *3fcft9. ^ 3 r, HlOO(C) (^11 
J: o fcA* 9 fe#tt©/J^ ^¥«4»#«r*i- J: 5 

[0 0 6 7] tr5T% n«fffiai5R(C*5V>THt, 
[0 0 6 8] 

[ft8] 0=6+2m re - (8) 
flU -w^fl^Jtx m: ^TWSftTfc 1 ?. ^g0l± 

!7-li, (8) ^-C-«>< m <ooi7)-f^-c©in iZftfc-t 5 
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^ttt, Z = zO<Offittt?»Sft [ J S i 

oTRl*3*ufc«-et>, fflc*fc»Bi-5 

[0 0 6 9] rr-CaO*:^»3g»6*l*:ltB±K**< 

z=0 i:Sofc i t ©ftt^^-^ftft e ft#tt (« 
*) Btt#ttfc/h*<45. 0100(C) o^T' 
B*4*ta«fc* ^gffiffl (-tc^O^tc) 
!7-©A*flKJ:5**e##/h*<ft5i:lRll*fc, A 

g®H^ (0^-71, k£6) Oft**/<l7-f±, Aft 
t?H«*ix6«fc2injc«»tWT#*UTjPl|[*il*0 

all li^-ftSixSo r0j§*, #367r^f^ll^l8^ 

[0070] rr-ete, ft#jftj»*A*t1"5ft:7 7-f'<0> 
*iHft«S\ (R,e,z) =(r,0,0)tl^ ftge0 

fHSfcllSr-jRt, (R,6,Z) = (r, 0,0) , fit, - n 
¥Bfc#rt3*x5*B21tt, *R»#a22Sr«x.5r t 

#-c#s. r<o*Rit^a22H:, *ft©*77^ 

^11—1803T» lla-18a / P^< th. 5 * 

R»B23*#rt1-6ri:fc:j:3 l «Bffi32tc:»i-5#3t7 

7^/<ll~18037g&lla -18a fc£ofcJtft#tt«t© 
44#3fe7r^^ll~l8^e>^ttl**t*5^-C, A* 
3ltm*36>6#a**^«)»*Ht, tf&o**/h*<*Wl 
■T6Ci:*S"C#6. Sfc, #jfe7r^^ll-l803T» 
#lla~18a ei^CaS Lfc3t«#tt3tSlt#a22(OK 
»ffi23"CRitSil, HWfW»8103r»»81a 
1-6. w 5 L~C, 3Wt*Ht, «-*7r^^ll-l8*»6W 
* 3 ft 6 * 3teE*t¥«:4A <v *R»^a22©ra-C*fiR 

[0 0 7 1] 

[HJS0»J4] 0 8JC*5V^"C, H**!lo^^ K/UJB2BI1, 

8*o*7T^^ii^i8tJg»iirtfc«ili2i*rJi*-CE 

g£*l£ 0 5*S/y^9©*ttB92tt, 4>4<fct>, /< 
yK/V*B2B©3t7 7 ^11^1803 T(B Ha~18a Sr1" 

a r037gfl92a COffiUffi (ffifl»E32, 33£(&<^ 
B) Sr» 5 * 9 * K»92b ict^ffi^^ft, 37SC92a 
rt*e»r6#tt±R»*ft*:»fc Us * 9 s> K»92b 

9 0#jSK92^K*«E32H, ^77^^11-18(7)37^ 



7£ 

lla-18a 0"T'<T0$Sia£3 7£l$92a riMB 5 £ 5 fcE 
BSft, ^ hVW»2B0*8B2l£»UO*5. '< 
y hVUSR2B(0jt7 7-f ^11—1803 79 11a— 18a S:l& 
<£fflte, /<V hVHUR»ffi23*SR«Sii/Tt^5. 
^y^9<0»«»92O<fi*B533fctt, )tRlt^a4Ci:U 

[0 0 7 2] RK, \*<Djty7<<^ (flJx.fi, 11) 
fe«-»Jfc# $*i/>?9 02»2£&92KA£t Lfc»£4:& 
W1"5. ft1\ 5^^^^90*»B92K»LT, 
K/i-2BftiJcD^B21<7)4 , ^?r^^ LfciEXJasa^X Y Z 
£ajA-f£ 0 B 8 0>(B) tH^1-5«t, 83Att»«0 
^*v'V^9 0^$&920 > Xtt#ft0;g:££a % Y^ 
#fi©g§*bi:U ^^>^90»»920Ztt;>7 
fa0ft££zO<bU z=0 oE^/<VK/HBfflB2lfc*5 
i5fcJte«*&KJ&r*. ^>^9 0*f«92ter 

©jEXMSSU^V^T, -a/2^X^a/2 , ~b/2^Y^b/ 
2, O5Z5zO0ia?gi:LT^1-rt^T-§6o 
[0 0 7 3] ttWSr«Kft1-5fc»H8 0)H^«tf±» 
^ffifc, ft:77^ll0*'Mi«£s (X.Y.Z) 
= (0,0,0) iU HftftJBJR^*«K9203r»92a * 
#Hf^J£v^S:«S1"5o ^0»C% *77>f '<11 

1-a. rco^ffit*3v>"Ctt, ff^)fc^7-0#*te0ii 

<o^*t?B*Sft5*ttt«5o BP*), z=0Oifi^T* 
©ft-^3t^l7-0Xtt*rRj<7>ft#tttt, 0110 (A) KB 

*$iiS«^*77^^©-T • 7>r-^K • 

(NFPiNear Field Pattern) frj&^Mk t£Z> e 
tttt, *©JBff*ft, BP^> z«o*^^»»1-5ta 
V\ Hiio(B) KB*1"i 5l-X=0 Srf-^iUfcUi 
ft 5 5 fcft 9, 0110(c) MB 

*Ti 5 tX*Mk#tt©/hSv^ffl4»**r*1-J: 5 1- 

ft^)o 

[0 0 7 4] *IR0»ift»92tt, XW^f^0jig 

(-a/2, a/2) K*ft!892©3T(B92fc ^ y y K(B92b 0^ 

B^fc§0T% r©#Btffll**©±SI**»&1-6. 
HAtt^0»ifiiS92-ett, ±SW1-5#B*Xtt*5J: 
tfY(WcWt2B«HaEl-S0-C, tt#*#^EJ*1-« 
#B» ^Jx.«, X»RHGflEl-8ffB, offi«fl(9) ^:r^ 

[0 0 7 5] 

[ft 9] X = (2m-l) • (a/2) ■» (9) 
fiP^, HIB0»«[te92rt0«-^3t^!7-tt:, B110HH 

■cB«**tafli#** s (9) s:-e*s*t5ffittS:*fo at 
©:ttt, ft z =zO0ffi«-c»i8flj ^ 9-41M J: 

o-csw**tfc»Tt), iai:j:5icaffli-srt*-e* 
[0 0 7 6] r.r-CzOS: ; f'»3feae)6)ixfc|t£Ji±^*#< 
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t) tttg2*KHC/h£<ft3o BP*>, -a/2^X^a/2 ©®5 

#7 7 -Y /<ii~18^w^j SJx5fi-^)t/N*!7-ox^ro 

[0 0 7 7] ±|EI^LfcXtt*|6iroift^rt«tt, *© 
**Y«i*iajKjiffli-5ri:a»-C#5. BP*,, ig&8S92 
©££z0£^#£*bftfctt^±!r*t< 4 5r4f::J: 
"9, -b/2^Y^b/2 <O«iHT*C0ife^$ixfdf-t^°!7- 

PALL tt*S-ft**t. #3t7r'f^ll~18^ia***i5 

if #3t^7-» Y^«/<7 s"**/j> $ < -r 5 r. t a*-? 

[0 0 7 8] JJUL, A*t^7 7'T^W c f 3 'WSBS:(X,Y) 
= (0,0) fcLfciJS, -a/2^X^a/2-b/2^Y^b/2 ©3E 
Hrt-Cffi«©(X.Y) *a//?fc, ***ilfc{H3-#'<!7 
-PALL * J +»K¥fflfc45S*fc*»«92©*Sz0«r 
4Sr4i;:<fc9, ±&© (x,y) = (o,o) ©i§£4 

5: 4K4 9 , *7r'l'^ll~18^ffl^$lx5ft#3t>'-« 

[0079] 09 14*%^ 4 fcffifc 5-troflb.ro 
HJfeflSjT'feS. BP<b, §*^V^»9©#ftttt*1-i» 
KR91, 92, 93©#a*M*©B?BW\ B3AJEM3 
4tf A^^tSS U 0 9 0(A) f4>g&S§91©=>7g|591 

9ro(b) lii»j£E&9iron:rS&9ia astga^&/jrti§££: 
H^u 09 ©(c) (4>it&i89i©^7g|59ia #Aflfl2& 

[0 0 8 0] il»*»5#ftJg!Rro»fffitl3^-C, = 7gB9l 
a (92a, 93a) 4 ? 7 ;/ KSP91b(92b, 93b) 4 <T>WmXft%.-f 

S£5$™ic4 9, *£$*t$flH§*'<!7- p 

ALL (4, jRH-eH**it5tt««r*fDai:LTjf0jSL, 

fc#-c* 5©T\ #A^«ro«Hrt^tt*rottS(cAW 
LfcflT*3tt), H^Stifcfll*^!;- Pall 

3aft£«jKK92©JtSzO&*:# < 4 5 r 4 fc 

[00 8 1] #^ftSr/£-r5^f->y^SI5 9ro#^ 

fc-gB&js, $>5v^f4Afefc^t"b<t^„ rrom-a- 
14, ±&©*f 9 I fcri, iy^n— 7— #£tt&eMtm 

[0 0 8 2] 
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7l-fcV>T, $*->y;/g|S8, 9©3»fig&81, 91-93© 

flfe*©SB33(^iaii$n5jts*f¥S4A, 4ci4, 

Ktt3M£4B,4D SrliSrt^S. tUt, rroft 

*t*R»#»4B.4D (4, ±Jfi©SWtWl, 

ISltKC, ^->V^9$8, 9©fl&#©fclE33£fMiHN3 

5-41©jpffl*SWiB42t©|«]fc*ffifcttlB4l!fli!!i*» 

oaw*«WJ: 9 *S3tetttt»43«r»ttT»j5M-a r. 4 

[0 0 8 3] £fc, K»ifi424ttJ£1tW43«:9JfifcKrt 
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